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NOTICE

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the Government may have formulated, .
furnished, or in any way supplied the said drawings, specifica-
tions, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other per- .
son or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any
way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA)
and is releasable to the National Technical Information Service
{(NTIS). At NTIS, it will be available to the general public,
including foreign nations.

This technical report has been reviewed and is approved for
publication.
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FOREWORD

The "Driver" for any Warfare System is mission needs. The
intention in this document is to relate detail design to the
Driver. It provides design information down to a detailed level
and provides the means for tracing these details back to the
mission needs. The intent is to establish the rationale that
links each detail to its mission needs and to the system concept
as defined by the Using Command.

Sections I and II present an overview of the mission and
systems concept of the Using Command. They provide a framework
against which detailed needs are to be developed. They estab-
lish the criteria for selecting and defining the system or
subsystem capabilities necessary to achieve the mission and
system concept.

Section III redescribes and expands upon the concept of
Sections I and II. The restructing is to organize the reqguire-
ments in terms of functions needed and to expand the description
to include requirements which are either implied or are deriva-
tions to support those initially specified. The content is aimed
at providing an awareness sufficient to put the judgment of crew
system details in proper context.

Section IV addresses the crew system issue as a system rather
than as a collection of bits and pieces of equipment. It at-
tempts to delineate the total characteristics of the system and
to define those characteristics. This is done in terms of needs
and constraints for the crew system design needs. These needs
were originally established in the context of the mission and
system concept of Section I and II. They are further defined
in terms of technological capabilities, cost tradeoffs and
establiched principles of the applicable technologies.

Section V attends to the methods of testing the suitability
and effectiveness of any crew system which is proposed for
compliance with the criteria herein.

Section VI describes a means for organizing and assimilating
the test data and for deriving an assessment based upon those
test results and the subjective judgement of consulted experts.

The structuring in a systems context does not mitigate the
need to focus on specific topics in the actual design and devel-
opment effort. Format and indexing of this document provide the
opportunity to readily separate all data relevant to a specific
designer's sections as control, information, etc. Extracting by
topic (e.g., hydraulic, oxygen) from each section gives the com-
plete story for a specialist.
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As you read the bnok you will notice statements specifying
regquirements for systens that are already part of the aircraft
and do not need to be specified as new requirements. They are
inciuaded here because this document has a broad system orien-
tation and the new crew system criteria ne=d to be presented in
the total system context. Considerably more detail could be pro-
vided, but is not since most of the present C-135 systems are
adequate.

The crew system requirements and criteria detailed herein are
firm only to the extent that requirements and constraints remain
as defined and that the assumptions used are valid.

The development of these design criteria was conducted under
a Memorandum of Understanding between the Aeronautical Systems
Division (ASD/SD28, Airlift Systems Program Office) and the
Flight Dynamics Laboratory (¥FDL), Wright-Patterson AFB Ohio.

This report was prepared in part by ORLOC located in
Kettering, Ohio as a sub contractor to the University of Dayton
wiider USAF Contract F33615-79C-3030 and in part by the Bunker
Ramo Corporation, Electronics Division, Human Factors Group under
USAF Contract Number F33615-78C-~3614 located in Dayton, Ohio.

Mr. Richard Moss (AFWAL/FIGR) 1is the Program Manager. The work
was under Project/Task Number 23915200.
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GLOSSARY OF TERMS

NOTE: All terms within this glossary are not found within the
! report. They are included, however, because they form
the common language used by the design community. Their
importance 1s in having a common reference from which to
communicate with others. AF Manual 11-1 is the standard
reference for terms not included in this glossary.

AIRBORNE SIMULATOR TEST ~ A testing of the proposed design in a
specialized test aircraft. A complete hardware representation of
the proposed design is incorporated in an aircraft (in the cabin
or as an appendage on the nose). Sophisticated computer and con-
trol devices permit tailoring the real or apparent dynamics of
the test vehicle to those of the design vehicle performance in a

lying environment. This is considerably more expensive and time
consuming than all prior tests. It can yield data not otherwise
available and produces the highest level of confidence in the
results, except for OT&E.

AIRCRAFT SUBSYSTEMS - Lesser systems which are components of major
aircraft systems. For example, subsystems of the hydraulic system
might include landing gear, brakes, wing flaps, nosewheel steering
and speed brakes.

NOTE: The terminology "system" and “subsystem®™ are often used
synonymously.

AIRCRAFT SYSTEMS - Major components of the aircraft which operate
from a common source of power, provide a common power source to
similarly powered components, or perform a major function engulf-
ing lesser functions or components, e.g., hydraulics, electric,
flight control, pressurization and air conditioning, engine
power, fuel.

ARCHITECTURE - Design and selection of all facets, establishing
character, stvle, the collective relationships, the structure
(e.g. federated vs control computers, multiplexing, language,
executive control, redundancy, groupings and isolation).

ASSESSMENT - Appraisal -- to judge the character, the value.

AUSTERE AIRFIELDS - Those airfields without navigation aids and
in most cases, short landing areas without paved landing sur-
faces and other facilities necessary for operation of typical
medium/large size transport aircraft.

COCKPIT INTERFACE - The means provided for the flow of infor-

mation to and from the pilot. These inciude the display of

information available to the pilot as well as the type and {
characteristics of the cockpit controls.

X1




COMPONENT STYING AND PARAMETER DoRIVATION - An analysis of tne
-HnLt;OEat”;T“TZW;“ap71q1 identity, organize and quantify tne
relevant parameter:.., {Exanoi e S1ze and confiquration of com-
partments and pasoacoawsve -nd o oor Jaading limirs impose condi-
tions uapon worxspace iayout. ‘Time to pressurize - can require
isolation of flight dJdeck.)

CONFIGURATION - The alrcratt geometry as ectablished by the
actual position of movahle DOrt1ons and surraces controllable by
the selectors, ana the ~tate of cperability of on-board systems.

CONTROLS - A distincticn 15 made petween the types of controls in
the cockpit according to their furction. Principal controls are

the primary and secondary controis.

Primary - Thoze controis used by a pirlot to continuously
modity the movemsnt of the aircraft.

v

Examples: [riweh, roll, yaw controls, throttle, DLC.

Secondary - Those controls uced by a pilot to make discrete
caarges In the wement or balance of the
al:crarts, tneroly wodifying tne need for
actuz=ion of the primary controls.

Exampies: Pitcn, roil, and yaw trimmers, aerody-
naiic nraking devices.,

L+ controls availlaeble to the crew for
aft configuration.

Examples: Flaps, sSlats, wing sweep, DLC.

CONTROL/DISPLAY PARAMETER DERIVATION - An a2nalysis of the mission,

the mission equipment and tne vehicle to i1dentify, organize and
Aoty U sneot T ie Daranoter o G pe morltored and controlled.,
(Masadie:  Analyol. ol Vi wteoaon proarile, considering all exi-
gencles, 1% a procedare wonich w-ll permit the designer to deline-
zte altitude range, sccuracy and rate ot change of altitude for
cotn barometric ana absolule conaitions. This is information
WihLUho must be disparayal-le tor control purposes.)

LONUS MIPhHXS ~ The estanilished pFederal alrway route structure in
rhe Unieed Statos 15 derinea by o series of ground-based naviga-
tiorn aids proadcastinag magneuic nearing information on the very
frigh trequency band (YHE from 108.0 to 117.9 MHz and distance
nformation on the ultra high !requency (UHF) band from 962 to
1213 MHz. Area Navigation (RNAV) Routes and terminal procedures
based on RNAV arc 1n Selag and are extensively used in FAA future
plans. An RNAV capability with a vertical navigation capability
will be necessary. The eqguipment must receive the respective
broadcast information and provide aircraft lateral and longitu-
dinal position information to the alrcrew. Range and vertical
navigation information must also be available for the aircrew.

x1i




The Federal Aviation Administration (FAA) requires that all air-
cratt operating within Federally controlled airspace be readily
identifiable to their ground, radar-based traffic control sys-
tem. The atrcratt must be equipped with an identification

beacon capable of transmitting certain selected, coded signals
receivable by FAA radar. The FAA also requires that aircraft
operating within controlled airspace remain in voice contract
with the ground-based airspace controlling agencies. All of
these agencies transmit and receive voice on the VHF band from
118.0 to 135.9 MHz. Additionally, some of these agencies trans-
mit and receive on the UHF band from 220.0 to 399.9 MHz, Coastal
alrspace controlling agencies also transmit and receive on the¢ HF
band from 2.0 MHz to 29.999 MHz.

CREW DUTIES - The tasks to be performed by a single crew member
or the division of duties to perform the design scenario when
the system is operated by more than one crew member. Tasks are
assigned based upon operator skill specialities, space and geom-
etry available for location of operational components, stress
levels and time available versus time required to perform the
task. (Example: Pilot's tasks include flight control, power
control, communication, scanning for other air traffic, etc.
Navigator's task 1include operation of long and short range navi-~
gation systems, operation and interpretation of the radar system,
fuel planning, etc.)

CREW SIZING - The number of crew members 1s established

considering: operator workload, degree of automation, limita-
tions in system/vehicle size (i.e., space to operate), cost fac-
tors and desires of the customer. (Example: Tasks of flight

control, communization, navigation, power control and mission
performance require 2 pilots, 1 navigator and 1 flight engireer.
Svace limitations and customer desires restrict the number of
crew members to a maximum of 3 people. The design is revised to
reallocate duties among crew members AND the machine. Redesign
of equipment or inclusion of additional automatic capability is
probable,

CREW SYSTEMS - The interface between the aircrew and the aircraft
systems including controls, displays and operational procedures/
logic; that portion of aircraft systems/subsystems that are
affected by the aircrew.

CRITERIA - A standard of judgment; an established principle for
testing.

DESIGN SCENARIO - Portions of the total mission scenarios that
are selected for use in designing the system and for bench mark
testing. Segments of the total mission scenario have been elimi-
nated because they were contained within other segments, deter-
mined to be noncritical, determinecd to be redundant or for other
similar reasons. The design mission scenario may be described in
the same variety of ways as the total mission scenario (i.e.,

X111




summary narrative, narrative, ribbon-in-the-sky, altitude/timeline
curves, dJdesign scenario timeline). Typically, it is described in
adll of these ways during the process.

—

)

ESIGN REVIEW - A rormalized process where by designated repre-
entatives of various concerned organizations review and critique
he design. This 1s conducted during the design process and may
Le repeated several! times. The trial design is described to the
Design Review Panel and they in turn may view it intimately in
the mock-up. The members submit written remuarks, critiques and
requests which serve as guidance to the design team. It provides
a usetul check on concerns of standardization and static design
features. However, 1t makes no attempt to deal with the dynamics
involved with mission scenarios. Typically, the Design Review
Panel includes a representative for each of such organizations as
procurement, management, logistics, operations, I.G., requirements
and engineering.

.

T oer Ui

DYNAMIC REVIEW - A relatively new procedure which emulates the
"Mock-up Review" but extends the effectiveness of the review pro-
cess. It 1is used by the design team for the development process
and for presentation to the Review Panel. The procedure includes
a representation of the dynamics to be encountered by the crew
during the mission. One or more crews "operate" the system in
accordance with the desidn scenario. The three major changes
from tne Design Review are (1) mission oriented test subjects (2)
test conducted against the design scenario and (3) tests conducted
1n an experimental manner. (Example: 10 crews, each consisting
of a pilot, copilot, navigator and loadmaster, all currently
qualified to perform the USAF tactical aerial resupply mission,
are trained on the systems with which they were unfamiliar, pro-
vided with checklists for ncrmal and emergency systems operation,
briefed on the missions contained in the design scenario, and
provided with all necessary forms and flight publiications. The
crews then "fly" the design (or series of designs) by simulating
vertormance of alil tasks as thev are guided through the mission
Tyomoe oxrDerimenter 's soriot.  Experimenters collect subjective
data through questicnnaives and debrierings.)

DYNAMIC TEST (SIMULATICN) - A testing of the proposed design
against the Design Scenario using simulation to represent
aircraft dynamics and avionics. Simulation of the visual scene
and cockplt motion may bHe included. This is an iteration of the
Dynamic Test (Mock-Up) process with a considerable increase in
the sophistication of the test and fidelity of replicating a real
world condition. The increased sophistication and fidelity pro-
vides a significantly higher degree of confidence in the results.
It 15 expensive and time consuming and therefore justifiable
only after simpler screening devices e.g., Dynamic Test
(Mock-Up) and Design Review have given adequate assurance of

the validity of the design. The equipment should simulate,

as closely as possible, an operational model of the proposed
system design, The test 1s conducted similarly to the Dynamic
Test (Mock-Up), usiag the same caliber of test subjects, and the




same design scenario. Both subjective and objective (perfor-
mance) data can be collected with the more sophisticated equip-
ment. (Example: Mission qualified aircrews test the system
design by performing the design scenario in a flight simulator
with all of the controls and displays installed, on which most
of the critical systems simulate operation. Experimenters pro-
vide representation of communication stations - tower, ground
control, other aircraft. Realism a.so requires ground school,
flight training, preflight briefings and post flight
debriefings.)

EASILY INTERPRETABLE - Values and/or information display~d can be
determined with a high degree of accuracy without additional
measuring devices/scales.

EVALUATION SCENARIO ~ Portions of the Design Scenario that are
selected for use in testing/evaluating the system. Ingredients
are chosen to represent most "worst case" uses/operations and

to condense the Total Mission Scenario so that ‘ess time is
required during the testing phase. The evaluation scenario may
be described in the same vari'tw of ways as the Total Mission
Scenario, however, it 1s typicaily only described in the form of
an evaluation scenario timeline. (Example: Long, relatively
inactive inflight cruise segments may be eliminated, similar type
maneuvers may be flown oniy once rather than repeatedly, and
mission segments mav’ be condensed or combined to address the
issues only during the high aircrew workload portions.)

EXPERIMENTER'S SCRIPT - The words to speak during mission commu-
nications and the actions to vake (staging) by the experimenters
during the test/evaluation process so as to assure that all test
subjects receive essentially the same information inputs. The

script is placed along the same timeline as the evaluation sce-
nario. (Example: At time ($1:28 + 15, Boston Center transmits,

"Blue one flight, climb to FL300. Change toc New York Center on
133.95 and report to them passing FL280 and leveling at FL300.")

FAILURE STATE - A steady-state failure characterized by the
various falled systems that affect the handling qualities. The
dynamic effect oif a faiiure is called a change of state and
should be noted separately.

bxamples: Any {failure resulting in loss of selected func-
tion, Enging railure, augmentation system,
faliure in stability, autothrottle, primary
fligat COnCEul system {power hoost, electric
stick, servo control feel, etc.) or secondary
tiight control system (trim, aerodynamic brake,
orc.) .

LICHT or 3SORTIZ - A complete sequence of tlight phases of an

alrcraft within one of its roles. Full or complete mission.
Examplio: The composite »Y taxeof:, ciimb, crulse, combat
for other specliai phase), aescent, approach,

Landing.
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FLIGHT PHASE - A designated portion or segment of a complete
flight. A mission phase. A 1light phase may be represented by
one or mMore separate tasks.

Examples: ‘al Commo: phases -- takeoft, climb, crulse,
deccent, approach, and landing.

{(h) Special nhases reguirea by role -- formetion,
rerueling, air-to-alr Or air-to-ground combat,

We apiGn e lvery, oL ocrgency conditiorns (i1.e., 2=
o1 3=engcine operation, emergency descent, etc.),
VTOL transition, VTOL hover, STOL takeoff, and
STOL approach.

FLIGHT SUBPHASE - '"'muz pastv of a tlight phase having a single
objective, and a single configuration or change in a
configuration.

Examples: Air-to-alr trracking, terminal area holding, glide
slope capture, localizer capture, ILS tracking,
wave off,

“ORMAT - A svmbol or group of symhols arranged in a specific
manner to portray/dispilay information.

FUNCTIONAL REQUIREMENTS - A descriptlion of the total needs of tne
Warfare System organized and expressed as a listing of all of the
capabllities which the weapon system must have (or contain) 1n
order to satisfy the needs of the requestcr.

FUNCTIONAL SYSTEM DESCRIPTION - A description which identifies
and describes, in conceptual terms, the subsystems proposed to
satisfy the capability needs listed under Functional Require-~
ments. Also described are the significant interrelationships
among these conceptual subsystems. This is, in effect, the
first overall description of rnow the weapon svstem 1o to be
stroecoured aadg how -t IS Yo TuncLion.

HANDLING QUALITIES - Those gualitles or characteristics of an
aircraft that aovern the ease and precision with which a pilot 1s
abile to perform tne tasks cequired in support of an aircraft

roja.,

INTULTIVELY OBVIOUS - Carn be described or operated correctly

without training or explanation.

MANEUVER - A planned and regqulated movement of an a.rcratt tor

the purpose of ailding the completion of a given control task.
kxamples: Bank, tuarn, dive, pulluv, turn reversal, roll
reversal, rolling pullup, steady sideslip, return

from sideslip, control steps and pulses, main-
tenance of a steady condition.

AR

L ]




MISSION ~ The objectlve, that 1s, the task together with its pur-
pose, thereby clearly indicating the action to be taken and the
reason therefore. The composite of pilot-vehicle functions that
must be performed co fulrill operational requirements. May be
specified for a role, complete flight, flight phase, or flight
subphase.

MISSION DESCRIPTION - A descripiion of the job or jops to be
done. It addresces the intent or end objective and includes a
fair amount of detaill in terms of the employment and conditions
of operation. The *otal erffort stems from an adequate and
complete mission description and therefore the quality of this
effort determines the quality of the design product. Extensive
coordination with the customer is essential. (Example: Vehicle
13 to support Ground Forces by transporting troops and supplies
to the battle area. Transport a cpecial forces team with full
gear and egquipimient to an aserial drop zone behind enemy lines
where enemy threats to the aircraft exist.)

MISSION NARRATIVE - A Gelcorlpricon of the planned use of the
system told in grtory .e3cay) (orm. Description is presented in

)
rermg Of the rear seguence and describes roles, activities, rela-
n

tions and events., fmxamplo Tre aircraft will depart Boston as
leader 10y Coehip tormaticon, carrving a 23 man special forces
team, £ _ceps oand & Lo ouwon toack,  Tne flight will proceed at an
aLtlitude of 27,000 teet o Newiooadland and rendezvous with a
KC~13% tanke:. Trn. 3%0ry conuinues with route, destination,
enroute weather, enroute mission tasks, threat, recovery proce-
dures, etc..

MISSION SCENARIO T IMELINK (T0VAL, ~nGIGN, EVALUATION) - A very
detailed Adescrist.on of all uses/operations that the svstem must
he deslgnea *o nermor> in its expected operatlonal environment.
1* 1ncludes nas< . pertormaea by the alrcraft and each of the crew
memsers Shown ageinSt tne time (clapsed, GMT, local, etc.) at
whicn *he tacw Hcoars. Thio Lo one of the methods by which the
appropriate S.0n soenarid nay o descripea. Example: At time
11238 0+ 30, i wiiaovn power, vegins climb to FL300. Copilo:
reoport ot &ooouoe PL2LGT, Loadmaster briefs pacsengers on
NXYGoN Mask o

M W TC S S

MISSION JTAUS DEPINTYLON - A desaraption of the various tasxs

whichn maxe 05 g Lpeclflc mission.  (Example: Precise positioning
.41 space with respect to a rectricrteda droop zone. Maintain stabi-
Lized fl1gnt while drogpina large Ccargo mass.  Establiish ana
MalNtAln secure comudnication w.th ground troops. In-flight
refuellng during recarn ieg,)

MOCK=UP KEVIEW - A rormad S1TW 0l the Jlesiagn beling presented on
Tt tatended {inal torm. MOrK-LD Boall ws5 to make cne inal
Aecision on o aTceDtance oo toe Goelsan for tabrication, TOompo T, -
flion ot rhe 2oa: Socades e e OUGan 7t LOnRS as participatea
in the Design Review ro.v deorneralay D o decisinn making level .,
Conduct of e roview o5 o esteontially the cane as a Design Review,




MOCK-UP SHELL - A full scale replica ot the system wherein all
dimensions of the vehicle are accurately presented. It includes
accurate location and dimensioning of structaral members which
relate to {ur interfere with) the crew compartments and their
equipments,

OPERATION - A wilitary accion, or the carrying out of a military
mission, strategic, tactical, service, training, administration;
the process of carrying on combat, including movement, supply,
attack, defense and maneuvers needed to gain the objective of any
battle or campaign.

PANEL LAYOUT - Arrangement and location of the components in
workspace/panel space available. Consideration is given to
grouping functional activities, operational control, etc. The
controls and displays are arranged on the panels and consoles
according to some pattern such as the systems that they pertain
to, access to the crew member who will operate the system,
ingress/egress conslderations, vision requirements, etc.
(Example: Attitude is aligned with pilot's center line and HSI
is directly below the attitude on the center line for symmetry
and correlation with control actions for control of line of
flight.)

PERFORMANCE - The precicion of control with respect to aircraft
movement that a pilot is able to achieve in performing a tasx.
(Pilot-vehicle verformance is a measure of handling performance.
Pilot performance 1s a measure of the manner or efficiency with
which a pilot move:s +he principal controls in performing a task.)

REQUIREMENT - Something essential to the aircraft/weapon system.
The need or demand for personnel, equipment.

RIBBON-IN-THE-SKY -~ ror purposes of priefings and discussions, an
artist's concept sketch 15 often used to provide a pictorial
representation of tne total flight path for a mission. Sketch
1ncludes three aimensional data and notations of specific task
objectives (e.g., orbits, refuel, LAPES).

SOETIY =~ An alrorart op a mission or in direct support of such a
mission. (One taxe ofr and one full stop landing)
GPHCIFPICATION - A detailed, precise description of the weapon

system, 1ts hardware, software, geometry or other design
p.l(dﬂl'.‘r' €er .

STATE - The mass distrabutior. and railure situation that deter-

mine completely the venavior characteristics of the aircraft. A
state without a failure 1s a normal state.

Avill

A




STATEMENT OF NEED (SON) - The requirement for a system as stated

by an operational organization. Usually a general description of
the desired system and its intended use. It may also contain
some very detailed needs or constraints. (Example: Vehicle will
be a large jet transport aircraft capable of rapidly moving a
company of troops and their equipment to worldwide locations and
landing at austere airfields. The system must include anti-skid
braking.)

SYMBOL - A sign or code used to represent something else.

SYMBOLOGY -~ One or more symbols which make up a format to
portray/define information.

SYSTEM VALIDATION - "Proof of the Pudding". The ultimate test is
operation of the real and total system in the context of the real
problem. It is for this purpose that prototype vehicles are
built. Emphasis in the prototype programs has been upon vehicle
and propulsion aspects. However, the increasing expense and risk
of effectiveness related to avionics and crew performance are
making total prototype validation more realistic.

TASK - The actual work assigned a crew member to be performed in
completion of or as representative of a designated flight
segment.

Control - That part of a task which requires continuing
actuation of the principal controls and use of
the selectors {see "CONTROLS") as required.

Examples: Moveinent between specified points, tracking part
of weapon delivery, ILS or VOR tracking.

Auxiliary - That part of a task which involves the crew
member in actions other than direct control of
the aircrafrc.

Examples: Navigation, communication monitoring, and selec-
tiorn of systems.

TASK ASSIGNMENT (MAN-MACHINE ALLOCATION) - The very specific
duties of the aircraft and each crew member during the design
mission scenario. Each crew member's tasks are olaced on the
timeline based upon predetermined operational _rocedures, systems
training, access o the controls and displays and coordination
process with other operator:, {rxample: At time 1:28 + 30,
Pilot moves throttles to set climb power, checks power indication
on gauges, pulls pack on elevator control to begin climb from
FL250 to FL300, checks aircraft attitude and airspeed on flight
instruments. Copilot presses micropnone button, transmits report
to Boston Center that atrcraft is leaving FL250 and scans outside
the aircraft for other traffic. Alrcraft maintains lateral
course through autopiist and navigation management syctems.)




TEST PREPARATION - All of the actions taken by the experimenters
and support personnel in preparation for the test. Generally,
the more sophisticated the test, the greater amount of prepara-
tion required. {Example: Fabrication of tecst vehicle; design
and fabrication of experimenter's station and equipment; prepara-
tion of the test plan tc include experimental design type of data
to be collected, specification, selection and obtainment of test
subjects, and test agjenda; training materials for the subjects
including descriptions of the systems and weather, route, threat,
mission, crew operating procedures; briefing materials including
mission, route, threat, fuel, weather, etc.; test operating
materials including experimenter's script and operational
checklists; data collection including objective data parameters,
methods and formats, and questiconnaires, debriefings and obser-
vation forms for subjective data.

TIMELINE ANALYSIS - A derivation of time and motion studies
wherein all the monitoring and control reguirements for the
entire mission scenario are examined against a time base. The
time interval can pe a fraction of a second for highly active
flight phases or changed to several second or minute intervals
where activity is relatively dormant. This is an aid in esti-
mating workload, and allocating tasks among the crew or to the
machine.

TOTAL MISSION SCENARIU(»; = All portions of all missions or sor-
ties that the aircraft will accomplish. Typically many portions
are repetitious, such as takeoif, climb and cruise segments
accomplished under similar environmental conditions. All mission
scenarlos must be considered during the mission analysis phase of
design in order to assure that all aircraft capabilities are
defined. The total mission scenario(s) may be described in any
of several ways including (1, summary narrative, (2) narrative,
{3) ribbon-1in-the-sxv, (4) aititude/time profiles and (5) mission
scenario timeline. Typically, only summary narrative and narra-

tive dre pregared during Loe bhrocess.
VALIDATION - To sibstuntiate. To confirm. To give official
sanction, confirmation oOr aodpiroval.

VEAICLE DESCRIPTION - A u=2neric description of the vehicle which
is needed, or proposed, to mecet the SON. (Example: The aircraft
will he a four enrgine turoojet, high wing, large footprint STOL
transport capable of being aerial refueled as a receiver and
transporting outsize carqgo.)

VEHICLE FUNCTIONS DESCRIPTION - A description which is essen-
tially internal to the vehicle., It is directed to the internal
working ot the vehicle and the functions which the vehicle must
have in order to satisty the seneric description and the mission
requirements. (Example: High altitude equipment, heating and
cooling, pressurization to cope with the planned ranges of alti-
tude and weather; anxiliary power and self start for remote




locations; lift augmentation and drag devices for short fields,
self contained navigation for operation to remote areas
wor ldwide.)

WORKLOAD ~ The integrated physical and mental effort required to
perform a specified aircrew task.

Physical - The effort expended by the pilot in moving or
imposing forces on the controls during a spec-
ified piloting task.

Mental - Mental workload is at present not amenable to
quantitative analysis by other than pilot eval-
uation, or indirect methods using physical
workload (input) and the task performance
measurements. An example would be the improve-
ment associated with flight-director type
displays which reduce the mental computations
normally required of the pilot.

WORKSPACE LAYOUT - The geometry of the entire crew station. The
crew station is the mobile office where man, machine and job
interface and where decisions are made. The validity of those
decisions and the resultant success or failure of the mission are
directly related to how well the crew station is designed to
fulfill the requirements of the crew members. (Example of things
to be considered during layout: seating, panels, consoles,
reach, vision, visibility, ingress/egress, lighting, headroom,
etc.}
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A/A
ADD
ADYF
ADIL
AFFDL
AFWAL
AGL.
AHRS
AOA
A/R
APU
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ARCT
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ATC
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OLC
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DOD
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SECTION I
INTRODUCTION

This sectlion provides the weapon system requirement as
defined by the Using Command along with all formally stated

goals, conditions and constraints.
This Design (riteria Noteboox nrovides criteria for revision
Oof the existing crew stations of the KC-135 aircraft under the
"KC-135 Avionics Modernization Program" (Ref. 1). i
|
In-as-much as a i

a ssion periormance 1s dependent upon the
cffectiveness of t crew and 1ts ability to use the vehicle, it
1S incumbent upon
a crew system des
capabilities, and limitations, vehicle performance, avionics
egquipment and the desired mission objectives. It is the objec-
tive ot thi: document to provide, for use of the procuring and
developlng agencies, criterla which consider all of these factors
1n appropriate palance and in a total system context.

in developling tne criteria, a methodical, iterative process
3 omployed in conjunction wilth the Using Command, the System
roject Cffice, the AFSC, and other agencies, It involves
xndaustive descriptions of desired mission and vehicle verfor-
rance, 2xamination of crew/venicle/mission interfaces, eguipment
assessment, trade-orft studies anaG system performance assessment.
Tne objective 1s the determination of the essential criteria to
which a crew system must conform if it is to satisfy the gosls
{needs) of the Using Command for a specific weapon system.

The KC-135 Avionics Modernlzation Program 1S responsive to
oblectives set fortn in 5AC directives and Required Operational
Capaniiity ‘RGC;) documents (Ref. 2). Specific goals are imprcove-
ment of navigation svctem performance, modification of the crew
complement througn »ilimination of the navigator and installation
07 modern navigation systems. Tnese nave been strictly observed
:n the drarting of criteria.

Devtail program oHojectives are as follows:

1. Reduce crew s5iz2¢e by 2liminating the navigator position.
Functions row pertormed by the navigator will be handled

by

(a’ Incorporating the functions in a revised avionic
sSuite or:

() ASsigning “hem to another crew member, or

(¢, £Eliminating them,

2. The revised crew system will have greater capability
tnan the present system.
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3. 1oocomnor Gt ions ‘navigation and olb.svstems functions
Tast be Ccapan.e O belng monLtarec or controlled from
hotn pillot and copilot stations.

4. Autoiatid ltearoles of Tl ovstem snoulda be under plLiot
ranagelent . e svstem choula at all times inform the
pvliot of what 1t 135 attempting to do (e.g., maintain
altitude, fol low a course) and provide the pilot with
means of wosvsEsing 1ts progress in achieving that

DI LOrMmanae.

5. The svstem should aavise tne pilot of its own status and
cavalriitlty, inciuding remaining capability in a partiaily

talliea mode,

6. Capa~ility must be provided for the pilot to make easy
and natural control invuts. Waypoint coordinates, for
instance, .hould be insertable in any of a number of
wave, including; latitude/longitude, bearing/distance,
or grid coordinates.

7. <(Cranges 17 irocedures and in the forms to be used wiill
conslaere s 1f o svstem efiecriveness can be enhanced,

8. imoroven oo -t-etfectiveness is desired. Providing
Goaloaet 700 tre tanker, rather than on the receiver is
an acceyt i€ means to achleve improvement.,

Basea upon an examination of the objectives set forth in the
documsnrs rhe following additional conditions were inferred:

1. Integration of ravigation, radar, and autopilot systems
1S rmaulred tor automating some flight operations,

2.0 Urew pueceqns Sodil icstions snould be compatible with

Griper moditicatrons oroected for the K°-135 fleet, and
sa0uid take advancage of the increased ¢perational capa-
s1lities provided by the new systems. Projected modifi-
catlons which affect crew systems (Ref. 3) are:

rn

ARN=] 10 TACAN in progress - FY81
ADN-59E (V) Radar In progress - FY81
Inertler navigarion system Iin progress - FYeol
Common strateglo doppler In progress - FYgZ
:CEPS s0lid svate converter Y83 - 88
HF/SSB radio Y82 - 83
VHF radio ARC-186 FYs84 - 85
JHE/VHE secure volce FY82 - b6
Global Positioning System (GPS) FY82 - 84
AHRS and Autopilliot Gyros FY83 - 86
winglets FY83 - 88
Re-engine Program FY83 - 9C
Standard 'uel Savings Advisory System FY83 - 83
Advariced Alr Refuacl Boom FY84 - 87




SECTION II

WEAPON SYSTEM

This section vrovides the genesis of the weapon system
requirement. The mission, as the driver and motivator, has been
developed »ny the Using Command.

Operating conditions and weather complicate the problem and
pose additional requirements upon the system. The actual vehicle
and subsystems do not have unlimited capability (a technology
limit and a physical limit) and therefore, in the context of
mission desires, must be regarded as a constraint.

The proposed mission applications are described and examined
for their reguirements impact upon the vehicle and crew. To
facilitate the examination and to provide a bench mark for sub-
seguent assessment of candidate designs, a composite is estab-
tished of all critical mission tasks in a complete and realistic
scenario of employment of the Weapon System. This is identified
as the Design Scenario.

A. MISSIONS. This 1s a multi-mission aircraft capable of: (1)
transporting aircraft fuel and providing inflight refueling; (2)
alrlift of cargo and personnel.

1. PFUEL TRANSPORT/AIR REFCELING. The system is to transport
tuel for use In designated USAF, USN, USMC, and NATO aircraft.
It is to rendezvous with other aircraft and perform air
refueling.

a. RENDEZVOUS. To accomplish an air refueling the system
must rendezvous with the receiver aircraft by navigating to a
predetermined location, then utilize various means compatible
with that of the receiver to arrive at a position within visual
range of the receiver. The means presently utilized to accommo-
date any type of renrndezvous are: (1) search radar with the capa-
bility of receiving/displaying range and bearing/beacon signals
and skin paint; (2) TACAN capable of transmitting/interrogating
TACAN range signals to and from the receiver; (3) UHF direction
tinder capable of receiving a signal in the UHF frequency band
from the receiver ond displaying a bearing to that aicraft; (4)
others, intluding ATC, CRC/GCI, HF radio, IFF, Timing and visual.
After visual contact has been made, aircraft lighting systems
provide illumination for night refueling operations and for sig-
naling the receiver into position during radio silence opera-
tions. For normai daytime refueling, voice communications are
used to signal the receiver into position. (Ref. 4).

b. FUEI. TRANSFER. The system 1s to he capable of
refueling sultavly equipvea receivers through a standard USAF
Doom system or drogue szystem, Some KC-135 aircraft have

nighspeed boomns but these are not addressed in this program.




2. ALRLAND DELIVERY. I'he alccratt provides accommodations
and environment appropriate to the transport of personnel and
cargo. Ground equipment may be required for loading and
unloading.

a., CARGO. A cargo capablllty orf up to 68,000 pounds is
required. Loading and unloading must be compatible with standard
cargo handling equipment.

b. PASSENGEK. A capability 1s required for accommodating
80 passengers. This capacity i3 to pe reduced to 41 personnel
when equipped with an arctic kit.

B. SPECIAL NEEDS AND CONSTRAINTS. The mission is global in
scope. Tt must be accomplished day or night in a hostile envi-
ronment and under adverse weather conditions. The vehicle per-
forming the mission must be operationally compatible with commer-
clal/civil navigation and traffic control systems and able to
function from military sites.

1. ENVIRONMENTAL. Normal mission operations are to be con-
ducted day or night in ary weather (clear of thunderstorms and
moderate turbulence) of greater tnan one mile visibility for the
refueling function and greater than 200 foot ceiling and 1/2 mile
visibility for landing. Weather conditions of rain, fog, snow or
light icing should not impalr mission capability. Threat con-
ditions have been projected by SAC, for normal and Emergency War
Order (EWO) missions. They are not defined in this document and
do not impact the crew system criteria. (Ref. 4)

2. GUPERATIONAL. The system must be capable of limited
operation into austere fields without external electronic
guidance in weather of 400/1 {visibility of 400 feet vertically
and 1 mile horizontally) or better. It must be capable of inter-
facing with civil alr traffic control systems and of operating
with state-of-the-art elecuronic ana visual guldance eqgulpment at
clvilian and military air tilelds. The system must provide the
capability to operate within both foreign and domestic airway
structures and terminal areas as well as the capability to navi-
gate precisely over direct routes -- land and sea. It must be
capable of operating globally under wartime conditions without
dependence upon ground-based navigation aids.

The system must operate ylobally within Federal Air Regulation

(FAR) (Ref., 5) and International Congress of Airline Operators

(ICAO) tolerances. (Capabilities meeting these tolerances will
also meet the enroute navigation mission requirementcs.) The

alrcraft must interface with other cl.. s of military/civilian
alrcraft within the various air traff: :ontrol systems.
4




The ailrcraft systems must have capability to display the relative
location of: severe weather areas so that they may be avoideaq,
other aircraft in the {ormation, receiver aircraft for purposes
of refueling rendezvous' and ground surface returns for airborne
radar approaches and airborne alignment/update of the inertial
navigation system.

3. COMMUNICATION. The system must have the capability to
maintain two-way communications with other aircraft and control-
ling agencies. To accomplish the mission, communications must be
maintained with the mission control element, receiver aircraft,
other aircraft in the formation, air traffic control worldwide,
command post, search and rescue and between crew members within
the tanker.

4. GROUND SUPPORT. This ailrcraft is to be capable of inter-
face and operation with currently available aircraft servicing
equipment, material handling equipment, and standard navigation
and traffic control equipment. No special ground handling equip-
ment is to be required.

C. VEHICLE. The KC-135A, manufactured by the Boeing Airplane
Company, is a four engine, swept wing, long range, high altitude,
high speed aircraft with a primary mission of global air refuel-
ing of designated aircraft (Ref. 4). The KC-135A may also be
used 1n a secondary role as a cargo carrier or troop transport.

1. PERFORMANCE. The following performance/payload descrip-
tions are to provide limits for design criteria as they affect
the aircrew station and aircrew workload.

a. ©SPEED. The aircrait possesses a speed range com—ati-
ble with the requirements of all current fixed wing raceivers.
The effective refueling speed range to be considered is from 252
KCAS (C-5A) to the boom speed limitations of 330 knots calibrated
airspeed or Mach 0.85, whichever 1is lower.

b. ALTITUDE. The aircraft 1s capable of providing air
refueling to current receivers at low, intermediate and high alti-
tudes. Cruise altitude capability 1s compatible with receivers
on "buddy" cruise missions. The range of operating altitudes
extends from ground level to approximately 50,000 feet (absolute
ceiling).

c. RANGE. The aircraft is capable of global ranges,
meeting requirements dictated by operational considerations and
receiver capabilities/missions. It is capable of using all fuel
carried onboard to meet severe range requirements (12,000 + n.m
rangej) .




d. LANDING. Routine, safe operations onto hard surfaced
runways of 10,000 feet or longer is required. The aircraft must
be capable of receiving electronic information from sources on an
airport with state-of-the~art equipment, to include VHF and UHF
volce communications, ADF, TACAN, VOR and ILS navigation signals.
Additionally, as airport systems are upgraded other sources such
as MLS and TALAR may be operationally required and must be
included as a condition to be met in the design.

e. PAYLOAD. The aircraft, in addition to its primary
mission of air refueling, possesses a limited cargo and passenger
carrying capability.

{1) FUEL. The aircraft is capable of transporting
and oft-loading inflight all except 7,800 pounds of onboard fuel
(180,000 pounds total or with upper deck tank 203,000 pounds) 1n
order to meet current mission requirements dictated by antici-
cated mixes of tankers, receivers, and missions,.

(2) CARGO. Fuselage weight and space capabilities
not dedicated to the air refueling mission are available and
equipped to transport cargo. Up to 68,000 pounds of cargo may be
carried on cargo carrying missions.

(3) PASSENGERS. The carrying of passengers is
possible because the cargo compartment 1s pressurized, air-
conditioned, and has provisions for seating 80 persons on per-
manently installed, collapsible, side-facing seats or 60
removable, aft~facing, airline seats. This capacity is reduced
to 41 persons for aircraft equipped with an arctic kit.

2. ENGINE POWER. Loss of an engine during critical phases
of flight, particularly during terminal area operations, will not
prevent either pilot from executing a safe recovery or go-around.
The engines must have a "quick start" capability which allows
them all to be started simultaneously should the mission dictate.

a. THRUST (ENGINE). A variety of functions are neces-
sary and used in the control of thrust from either pilot seat.
The KC-135 is equipped with four Pratt and Whitney J57-59W or
-43WB flat rated thrust, dual axial flow turbojet engines which
also provide cperation of hydraulic and electrical power genera
tion, air conditioning, and pressurization.

b. ENGINE STARTING SYSTEM. The engines are equipped
with cartridge pneumatic starters, allowing either cartridge
starts for quick reaction or pneumatic starts from ground power
carts or from an operating engine.

c. ENGINE OIL SYSTEM. Each engine is provided with an
integral pressure-type oll system with automatic temperature
control.




d. ENGINE FUEL CONTROL SYSTEM. Throttle control cauces
the four individual hydromechanical fuel control units to meter
proper fuel quantity for start, stop, and a variety of thrust
settings.

e, ENGINE FIRE DETECTOR AND CONTROL SYSTEM. This system
provides the engine overheat warning for each engine and provides
engine systems isolation as well as the capability to extinguish
the fire.

f. WATER INJECTION SYSTEM. A water injection system
provides thrust augmentation by allowing water to be sprayed into
the air inlet and diffuser section of each engine.

g. ENGINL IGNITION SYSTEM. The engine ignition system
provides ignition for both ground and flight starts.

3. AUXILIARY POWER.

a. ELECTRICAL. Primary electrical requirements are fnr
115/200 volt, 400 cycle power. To a lesser degree there is &
need for 28 volts and 32 volts as well as 24 volts DC. The sys-
tem should be relatively independent, imposing little need for
crew work, nowever, individual systems control and monitoring is
required. <Circuit breaker protection is necessary to isolate
equipment faults. A redundant andé isolated electrical power
supply system 15 requlred tor flight essential functions. The
AiResearch or Soiar APU presently provide this redundant
capability.

b. CABIN HEAT. An 1independent source of cabin heat is
required tor artic operation. The AiResearch or Solar APU rre-
sently provide this capability.

c. HYDRAULIC. There are two independent high pressure
systems which supply pressure to the various hydrauliically
operated components.

4. AVIGNICS. ™Tne avionlcs package must provide for routine,
day, night, safe, glooal IFR/IMC operat.on inciuding: long range
over-water deployment without use of external navigation aids;
approach down to Category II 1LS minimums; with external naviga-
tion aids, non-preclsicon minimums without extercal nav aids;
weather avoidance; air refueiinac rendezvous both active andg
passive, station kKeeping; ground locations; receiver craft lcca-
tions and lidentification; short and long range voice communica-
tions systems to zatisty all mission requirements internal and
external to the aircraft; autopilot and augmented flight control
system with integrated navigation course guidance.

-~J




5. ENVIRONMENT. The pressurization, air conditioning, ox,-
gen and lighting must be suitable for transporting passengercs ana
operational equipment during employment and deployment missions
in a wide range of environmental conditions, where temperatures
range from -40° to 130°F. An oxygen system with Zveep on oxy/gen
masks 1s required adjacent to each aircrew seat in the cockpit,
for each position in the boom pod and for two positions in the
cabin. Additionally, provisions are necessary to provide emer-
gency descent oxygen for the maximum number of personnel on
board. The aircraft must be sound-proofed to the deqgree that
operating noise and vibration are not detrimental to the crew's
performances. The ailrcraft must have internal and external
lighting suitable for all mission operations in all ambient
light conditions.

6. SAFETY. A wide range of safety features must be 1ncor-
porated, including: rapid ground and air egress, crash landing
protection, detecting and warning of systems malfunctions, auto-
matlc switching to alternate systems, simplified critical action
crew response and unrestricted crew visibility during all
maneuvers.

D. MISSION SCENARIOS. Requirements for the overall weapon sys-
tem and integral individual components which comprise it, have
been derived by examining the operational employment of the
system and validated through extensive review by the SAC.

when a number of employment concepts and operational uses are
involved, the weapon system's requirements for each must be con-
sidered. The design of the weapons system must then take into
account the total requirements. Very detailed mission scenarios
were developed to describe the current and anticivated employment
of tne KC-135. They were developed against a time base (Ref. 5)
to consider the dynamics evoked by mission performance. These
were then validated by all knowledgeable agencies involved in the
KC-135 Avionics Modernization Program including, Hg SAC, ASD, and
AcWAL.,

A composlite mlssion scenario which included all significant mis-
5inn tasks and which was realistic in terms of geographic and
environmental aspects was defined as a bench mark for design,
svaluation and assessment of crew systems. This Design Mission,
portrayed in Figure 1 involves moving a five ship tanker force
from Loring AFB to support an A-7 unit deploy.aent from McGuire
AFB Lo RAF Wittering. Subsequently, (Figure 3) the KC-135
embarks upon an EWO task in a two ship cell of KC-135's wherein
the lead KC-135 experiences an emerdgency abort for fire and the
subject aircraft encounters a refueling track weather diversion
and minimum fuel. Subsequent failures cause degraded mode opera-
tion. 1In "leg 3" (Figure 4) refueling of fighters is complicated
by different type emergencies including combat injuries.

This scenario exercises all subsystems and crew in the severest
performance demands and exhibits various aspects of degraded mode
performance. A detailed description is presented in Appendix A,

—_-—-—-__-——_-—_-_j
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civilian ailrway system.  The TACAN should nave starncard fearurecs
and include fast lock-on capability for bearing and Distance
Measuring Equipment (DME) for onoth air-to-ground and air-to-ailr
operations. The air-to-ground mode must be compatible with radio
aids to navigation, and the air-to-air mode must be compatible
with the ecquipment of the USAF recelver aircreft. It must be
capable of providing relative position information with respect

to the navigation aids to the inertial navigation system for up-
dating to improve accuracy. A DME extender to selectively provide
reception up to 400 nautical miles is highly desirable.

(5) VOR. Federal airways are made up of a series of
VOR stations which operate on the VHF band using even frequencies
108.0 to 112.0 and all frequencies 112.0 to 117.95 mHz (select-
able to .05MHz). 1In order to fly on those airways, VHF naviga-
tion (VOR) capability is needed. The VHF navigation units shoulad
have standard features for operation to provide relative position
information with respect to VOR navigation aids to the piicts ana
to the inertial navigation system for updating. The frequency
tuning control must also tune ILS localizer (VHF) and ILS glide
slope {(UHF) frequencies, which are paired. Additionally, it 1is
highly desirable to have the capability to receive VHF trans-
missions throughout the VHF voice frequency range for VHF
communication redundancy.

(6) UHF/DF. The UHF direction finder should provide
bearing 1information to any selected UHF transmitter witnin the
UHF voice communications frequency range. It must be compatible
with grournd stations for navigation and other aircraft for rela-
tive positinning/rendezvous.

(7) LF/ADF. In order to utilize navigation infor-
mation from navigaticnal aids while operatinag in foreicn coun-
tries and in order to receive standard ILS compass locator sig-
nals throughout the Unitea States, the aircraft must have the
capability to receive and display a bearing to low frequency
transmitters. The low frequency automatic direction finder
should have standarcd features to provide bearing information to
low frequency transmitters operating throughout the 190 to 175C
MHz range. The control must be digitally tuneable.

{8} INTEGRATION AND FILTERING. The navigation
system should be designed to provide the pilots with the most
accurate information available from all onboard systems. Sensor
information should be processed within the computer to automati-
cally provide tnat information, however, the pilot must have the
capability to obtain information from individual sensors when
desired.

c. COMMUNICATIONS. The comnunication systems must oro-
vide the capability to communicate with all agencies within ©he
command and control system and the operational envirorment as
described in the design mission scenario. This necessitates un




intraplane system; a system Yor long range voice compatible wis !
command posts and overseas alrway stations; o short range voice
system compatible with air trattfic controller.., alrborne command
posts, receiver alrcratt sand intraformation aircratt; and other
special features,

(1) LNTRAPLANE.  Tne aircratt must have the capabil-
lity tor two-way communication between crew menbers located in
the cockplt, cabin and boom pod, without broadcasting outside the
alrerart except during eng.ne starcing operations. T4 is nighly
desirable that this i1ntraplane capability be extended to include
non-broadcast communication with receiver aircraft while they are
1n physical contact with the tanker. The public address system
must be capable ot providing audible information to passengers
during operation at maximum cabin noise levels.

(2) LONG RANGE, Tne long range communications must
re an 1nterference free voice system.  The system must operate on
the high frequency (HF) band between 2,000 and 29.99 MHz to be
compatible with overieas air route traffic controllers. The
alrcraft must have worldwide capability to receive voice messages
transmitted by miss.on control. The transmissions may be direct
arorelayvod via alrera’t r satellite communications systems.

Cur ing peacetime cperations, twe-way communication with mission
control 1s requirec. The system must be adaptive to secure voice
and jam resistant techniques.

{3) SHORT RANGr. The short range communication
Capabii ity must He -“esponsive to DOD, FAA, ICAO and mission
environments. The aircrat” must have the capability for two-way
communications with air trattic controllers throuchout the world.
aArrtield grounad controi, tower, apprcach control, departure con-
rrol and enroute contrcl have UHF (225.0-399.0 MHz) and/or VHF
©118.0-135.9 MHz) freguency capability. Identification beacons
(IFPF.SIF) tor use with alr traffic control agencies and military
vedar controliers mist be instiriied.  The aircrafit must have two-
wa s COmMINICcatlions vuavaeblility witn otner aircraft within the celld
tormation and atl receivers including USAF, USN, USMC and NATO
dirocratt within o range of 2008M.  Alrcraft typically have
receive and transmit capanility on the UHF and/or VHF frequency
Lands.  Secure volce capanility must be provided on the UHF ire-
quency band.

Consolse and equlpment :dcn space and wiring provisions should he
pranned tor future modernization to include such systems as the
Detensoe Satellite Communications System (DSCS) and tne Joint
Tactical Information Distribution System (JTIDS).

d. MISSION EQUIPMELNT. ‘The wide variety of mission task.s
described In the mission scenario dictate some specific crew
stations contilgurations and special equipment.




(1) AIR REFUELING. An air refueling system which
provides for aerial rendezvous, and in-flight boom/drogue refuel-
ing operations must include a radar rendezvous beacon system com-
patible with the USAF receiver. The capability to display the
relative position of the tanker to the receiver and the position
of the aircraft relative to the flight plan course on the same
display is extremely desirable, e.g., overlay a flight plan map
with rendezvous beacon signal. Workload and degree of attention
dictates a crew position and operator for this function.

(2) STATION KEEPING. Multi-aircraft deployment to
air refueling areas or aircraft dispersal locations require guid-
ance and separation data for all weather, day/night, and in-trail
formation flights. This is presently accomplished by displaying
a radar beacon return or an aircraft skin-paint return on the
radar display. The capability :o display the position of the
aircraft relative to the flight plan course on the same display
is extremely desirable, e.g., overlay a flight plan map display
with the radar beacon signal.

(3) THREAT. The type of threat that mav possibly
be encountered includes sabotage, electronic interference,
surface~to~air missile, fighter interceptors, hijackers and
electronic eavesdropping. The risk of some threats may be
reduced through protective operational procedures, (e.ag., sabo-
tage, hijack and fighter interceptors}, however, the aircraft
should have the capability to reduce the risk of others (Ref. 9).
A self defensive capability would not be justifiable counsiderina
the limits of speed and maneuverability of this vehicle ang the
penalties in weight, cost, complexity and reliability to he anti-
cipated in a self defense system for this vehicle. (Ref. 10)

For defense against enemy air action, reliance must be plac~d
upon: route planning to minimize threat; adequate surveillance;
secure, reliable command and control; navigation: and expanded
tuel reserves for diversion purposes. The navigation system
should have the capability to operate independently and not be
dependent upon navigation aids which could be destroyed or jammed
electronically. The navigation system must be designed so that
it is not susceptible to passive listening threats; specifically

. the capability to extract information from signals generated by

onboard computers and transmitted to displays (CRTs). This coulad
pose a problem in exposing classified information such as decti-
nations, air refueling points, flight plans, etrn. Thre aircraft
should have the capability to detect and counter heat seeking
missiles. The operation of the equipment must be basically auto-
matic, since its operation would normally be required during
periods when the pilots' workload is already at a peak.

B. VEHICLE.
1. CONTROL. Control or the vehicle in 1ligat i atiordea by

the conventional control surfaces (aileron, elevator ard rudder;
and augmented by a spoiler system. Hydraulic actuation provides
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the necessary force f{or moving the surfaces. Considering prob-
lems of crew workload and reduced crew size an automatic capabil-
ity is necessary. However reliability concerns dictate the need
for fail safe and a hasic manuai capabilityv. FEngine control de-
mands are minimai, requilring basically & throttle control device.
However, such advances as coupling to the automatic system for
energy/fuel management and for landing should be considered.

pois o

L’ a. DRAG/LIFT.

FLAP SYSTEM. A hydraulic actuated wing flap system
is installed to alter lift/drag for takeoff and landing.

i SPOILER AND SPEED BRAKE SYSTEM. Lateral control of
the aircraft is augmented with four hydraulically operated
spoilers. These spoilers also act as speed brakes when used
symmeti ically.

b. STEERLNG (NOSEWHEEL) . A hydraulically actuated
nosewheel steering system is instaiied for ground maneuvering.

c. BRAKES. The alircraft has segmented rotor brakes,
whicihh operate from two interconnected hydraulic systems. They
are activated by pilot or copilot toe pressure being applied to
the brake control.

2. POWER.

a. ENGINE PERFORMANCE MONITORING SYSTEM. Indications or
engine power and temperature, as well as engine oil temperature
and fuel flow are displayed continuously to provide the crew with
engine performance information required to make decisions regard-
ing engline operation.

CAVEAT - Recoqgnition that the aircraft performance ic power lim-
ited has resulted in a potential class V modification to re-engine
the aircraft under PMD revision R-Q 702(7)/11142F, 1 Februarvy

1979 (Ref. 3). Criteria for the new enginec and the associated
systems are not addressed. The crew systens (e.g., throttles,
performance monitoring, and fire detection/control) associated
with *he engines must, however, pecsform the same functions as the
present systems and be easily useable/interpretable by the crow.

bho  FUEL, The airplane fael system consists of integral
wing tanks and a combinatinn bladder and inteqgral center section
fbody) tanks with the necessary manifolds, valves, pumps, and
pressure and quantity 1ndicators.  Fuel supply and pressure to
the engines 13 provided automatically through throttle control
Aduring normal operation.

The atlrplane can transter fuel in flight to receiver aitrplanes
from twd bhody tanks., All fuel from all tanks, totalling 180,220
I, without »r 202,801 1lhs., with the upper deck tank installed,
can be ased by the aircratft. All except 7800 1bs can be trans-
forred to receivers.,




NOTE: The upper deck tank 1s not normally installed because the
amount of thrust from the engines is insufficient to operate the
aircraft with more than 1 18C,000 pound payload including fuel.

3. LiGHTING. Global operation under all weather conditions
will require exterior and interior lighting for 211 conditions
from bright sunlight reflected off snow to a dark mocnless niaht
over water. Operation in a “see and avoid"” training environment
as well as in a "minimum detection" combat support environment
imposes a need for considerable flexibility in the exterior
lighting.

a. EXTERIOR. Staadard navigation lights, rotating bea-
con, landing and taxi lights, top and bottom fuselage strobe
lights, ice detection lights, aerial refueling, inspection, and
servicing lights for wings, engine nacelles, wheel wells, exter-
nal power receptacles, fuel and oxygen service panels, external
air conditioning receptacles and outside flood lights of exterior
area for night on-load and off-load operations.

b. INTERIOR. Basically, standard interior lights are
required. (ights are required for normal and emergency exits
operative from an emergency electrical bus with the battery
switch off and without an external power source. Instruments,
panels, controls, placards must he easily visible and readable
through the operational conditions.

C. LIFE SUPPORT.

1. ENVIRONMENT.

a. PRESSURIZATION. Th= pressurization system 1s caénable
of maintaining any se.=cted cabin altitude between minus 1000
feet and 10,000 feet urilizing a maximum pressure different.al of
8.6 psi between the cabin pressure and the ambient air rressure.
The system may be operated automatically or manualiy and contains
necessary controls, displays and warning devices. The aircraft
automatically depressurizes on the ground and may be depressur-
ized when airborne.

b. OXYGEN. Cockpit/cabin pressurization reduces the
requirement for oxygen to that required for emergency use. Five
regulators are installed in the cockpit, two in the cabin and two
in the boom pod. Additionally, a portable oxygen bottle is ioca-
ted at each of these positions. Standard or quick-don oxygen
masks must be available for each crew member.

c. AIR CONDITIONING. The air conditioning system pro-
vides cooling, heating, ventilation, humidification and contami-
nation control for the cockpit and cabin. FEach of these features
are available on the ground as well as airborne.
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2. BSEATING. There are presently five seats installed on the
flight deck which will continue to be adequate in event of a
change in crew complement. The location/mobility of the seats
must be such that wision, reach and egress requirements are met.
The cabin area contains 80 collapsible seats and has provisions
for up to 60 airline type passenger seats. The boom pod contains
3 couches or pallets,.

3. ENTRY/EXIT. Normal and emergency ground and inflight
exits consist of the main crew entrance, the cargo door, 3 emer-
gency exlit hatches and 2 cockpit windows.

4. SANITATION.

RELIEF FACIL.TIES. An enclosed latrine facility with
toilet, urinal, towel dispenser, mirror, wet-napkin dispenser and
lavoratory with water supply is located between the cockpit and
the cabin.

5. FOOD/BEVERAGH..

FOOD AND BEVERAGE FACILITIES. A galley unit with elec-
tric oven, 2 hot cups, cne two gallon hot beverage container and
4 additional two gallon beverage containers is located in the
forward portion of the cabin.

6. REST. Crew duty days may be extended beyond 16 hours
when additional crew member. and crew rest facilities are on
poard. Eight fold-down bunsxs ars attached to the sides of the
cahin and provide a place for sleeping.

. CREW.

The accomplishment of the mission is the responsibility of
tne crew. The crew must be considered as an element of the
sy3tem since rhelr pe 1ormance and capacity can significantly
aflfect total system performance. Considecing the capabilities ot
tne orow and of the varinas equipments with which they do {or
should) 1nterface 15 a system design problem.  (Consideration of
the collective functioning of many interfacing elements and
adjusting elements so as to influence the ccllective performance
15 system design.) Consideration of the crew and their interface
with the elements ol the system in the environment of the mission
1. tne Crew System probiem, In any system design, performance
characteristics of an element st be known and considered. 1In
the case of the crew, brhavior and tralning are significant in
establishing performance characteristics. {For this design
assume that standard training and selection procedures are
employed.)

f Wiiile there are explicit and unigque condition: which should be
impesed as requirements on o each subsystem from the Crew Systen
desiyn process (Ref. 11}, there are overall requirements to which
the rew System mast e responsive,
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These are derived from the general Weapon System Requirements
just as has been done for the more conventional "subsystems".
These are "implied requirements" and include such things as sur-
vive, perform reliably, deliver accurately, improvise or compen-
sate. Considering the mission requirements and the role of the
crew system, there are classes of implied requirements. They
fall within two categories: mission and workspace.

1. MISSION. The crew must continually monitor the status
against the plan of the system including its own health and con-
tinually assess probability of success, be prepared for and
responsive to perturbations (change of target, loss of light,
unexpected enemy action, failure of equipment, etc.). Direct
manual control must be blended with automation to maximize mis-
sion success and survival while retaining flexibility to deal
with changes and failures. Executive responsibility must be
established over the total system in an organized fashion. 1In
this design, tnhis responsibility is divided into the major areas
of NAVIGATION, FLIGHT CONTROL, COMMUNICATION, and SYSTEMS STATUS.

a. NAVIGATION. 1In order for the crew to efficiently
and effectively use the navigation information provided by the
individual sensors, a navigation management system is necessary
which incorporates computers, fast access bulk storage memory,
an information filtering system and a control/display unit to
interface the pilot with the navigation system. Generally, the
navigation management system must provide precise navigaticn
information worldwide, with and without external navigation
aids. Additionally, it must provide the capability for airway
navigation, nonprecision approaches and precision approaches.

An acceptable way of providing the aforementioned capabilite 15 a
system consisting of an inertial navigation system (INS) which
can be updated by all installed navigation sensors. (VHF NAV,
TACAN, LF/ADF, GPS, OMEGA). The system should have the capabil-
ity to automatically or manually tune the sensors to appropriate
Nav aid station frequencies as the flight progresses. Unreason-
able or erroneous i1nformation should be automatically filtered
out and only the most accurate information used for updating.
Navigation information should he available directly from any
individual sensor, when the pilot desires.

b. FLIGHT CONTROL. The inflight refueiing flying task
is particularly sensitive to flight control. A high degree of
precision and reliability is essential. A "Force Wheel" mode,
which provides a bhasic automatic capability subject to direct
incremental adjustments by the pilot, is highly desirable.

c. COMMUNICATION. Communication requirements are com-
plex. Features include capabilities to talk inside aircraft
only, broadcast with or withouat other crew members listening,
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b. VISION.

(1) EXTERNAL VISION. External v sion is required
on the ground ftor taxi, takeoff and landing. L 'ring flight
external vision 1s necessary for avoiding midair collision, for-
mation flying, mission effectiveness and general orientation.
Windows, compatible with this needs, must be provided to give the
appropriate visibility forward, over the nose, over the side and
upward. External vision must be enhanced by exterior lighting at
night for landing, taxi and inspection of sufaces and enginec.

(2) INTERNAL VISION. Placards, instruments, con-
trols, maps, charts, and briefing instructions must all be read-
able under all lighting conditions expected. Control of impact-
ing high level light and supplementary lighting for low level
ambient conditions is required. Control must provide for varia-
tions in environment and mission requirements (e.g., protect night
vision, flash blindness). Displays must be positioned in accor-
dance with workload and priorities of action. Particular atten-
tion is required to insure that switches and knobs are visible in
dim light.

c. GEOMETRY. Flight deck crew members must be posi-
tioned so that each is visible by all others. Exit/Entry provi-
sions must take 1nto account the likelihood of crew movement/
interchange in flight and the avoidance of inadvertent actuation
of switches, knobs, and controls.




The crew
went, power o
weapons syste

tO: /3 achi
/ivrn emergencies.  The

w

Wittt tne weapon Lyiier
coekpls oand other
Lutoare noto the oot

~Slements ind, Tt
Saldwa e oot Do,
YrAalning rmonrtant v

SiToion and the weanon syst
: v, then o oetfectin
'.5. Air Furce pnilosophy

Vve!

oo welds vehicle, avionics, arma-

crtective wartare svstem.,  The
3 enhance tre ablility of the crew
Loompue, A2y syrvive, and (3) cope

Creew ant Une means v owhicn they interface

oot W sy Etem, 'n thi= conc~pt, the
Stat oo re prorinoent hardware aspecrs

oo thy yvevem.  The crew members ar
awareoneo o of technology 18 important to
oo aWarerne 0l mama ravior and

vl ing rew,

rew TUST Llovide the augmental acpects of the micsion
' f, Alrect, neeltfu, arerr 0 Difective judnments requilre
adeguate inr rmat ion o i “ing. e cianificance of the mis-
sion fooannivi, oo croor sucesss a vairiable, dependent
nt o oniy o on the Tors S0 Tt v e nat alna unon velianility of

egaipnent), SUOsans s iTy

ADGCT i ment

Tt D Aw el o T Lo T

ST, tnreLt o, o

O, awd e ol

o irvivar fa ovariable, also deprendent

ot ooy, rraantiing ol the crew,  The crew

pasien, e taotors artecting performance
Cooonlr s e, fguipment statas, battle
In accomslichment of the

M1non DL, hwap e 00 - TooS 0l TACTICS or
Forteeiir iy vt P ST T e T.e control of the
’ . »- . , , a . Py R T 5 ‘,/"‘ '\'{“‘:: :
[ P
S Ses i gl R P LU LGNS necessal v
; srloa e vl AWt beo amea 1o Misvatems and with
e LN ool em, CONLLTNT T iy Ll anterTdte as a system, the
Toat ool s organtaea o7 desnoi ot ion of the orew system
Cercgld Sement s s e PHY S DY THARATE, STICS S eaet )t - INPUT
Lo oo CoT, LIOeTRe ot Sy adantt b Redquirement o,
N OIS N e bl agat e o ok LY o tne anhaie of tioe
NLre TAN, Mencline oG o inceriaoe ond wiere decic ions are
L Tree bt b oy cdec s pons andd toe resaltant saccess
e bl e ot the ann o g ddsrectiy related to how well the

RS OIS T AT SR B AES TR IS ST

Che o pritaots!' o requirenon
Jrgency Ob the mlisson,

d to il the requlrements of tne pilot
te wvai, qreatly with the type, length and
arew gize and complement , and outside




oprerating vnvaronment (geographic location, temperature, time of
ay, threat, external ailde, weather, etc.). For these reasons,
numan tactors considerations play an extremely important role in
tne cockplt design process.

e tlignt deck desiqgn criteria gives primary consideration
roward placing the crew members In an environment where they can
«ti1ciently, effectively, safely and comfortably perform their
duties. The design criteria contained in this document were
predicated upon a minimum crew complement of three, consisting

ot a tlight deck crew complement of two pilots, along with a hoom
operator whose primary functions are in the boom pod. Other crew
members, while they may occupy a position on the flight deck,
will not be checklist respondents or part of the mimimum crew.
The crew systems requirements are for systems, avionics and
control/display units necessary for two pilots and one boom
operator to accomplish the mission described in Section II.

The crew stations must be constructed and equipped so that the
aircrews get the proper amount of informaticn at the right time
56 as to permit them to make necessary decisions and perform the
operatlional mission; the nececssary information is presented ade-
gquately {(1.e., easily interpretved, readily available); the acces-
sioliity of the intormation and controls are proportionate to the
frequency and criticaiity of use; and the crew station environ-
ment 13 physically and psychologically aiding rather than
reducing the crews' efficiency.

1. FLIGHT DECK. The forward portion of the cockpit (Ref.
12), located in the top front part of the aircraft, is large
enougn to accommodate two pilots seated side-by-side. Its de-
51gn must allow all flight maneuvers to be performed by the pi-
1ot 1n either seat; however, wherever any compromise is required,
1t 15 nore favorable 1o control the aircraft from the left seat.
All c¢ritical .tems must he located within reach of both pilots,
winlle less critical items may be located within reach of only one
pliot. (See Figures 6 and 7 for description of reach zones.)

Ine cockplt also accommodates a third seat located so so that the
occupant has an unrestricted view of the front instrument panels,
overnead ana center consoales and outside the aircraft through the
entire wiitn ot the windshields, The location of this seat must
ce adjustable 5o that the occupant can move it to a position
waere ne can easlly reach controls and displays on the present
navigator's station (now designated as the forward hoom opera-
tor's station). The flight deck should contain an additional
recilnanle seat for an observer or additional crew member.

igure 5 presents the general layout for the pilot/copilot
nortion of the Flight Deck.

J. VISISILITY. Tnis aircraft will be operating in close
pProximity to other tuankers, recelvers, and a multitude of other
a.rcratft particurarly 1n airport terminal arcas. Theretore,
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couxplit o visibillvy regalren o "cee o and avolid" other aircraft is
very critica. (Ret. 13). Buom station visibility is also very
rotical.  mach receive:r masrt e visually vectored into the in-
Dorert e LT DOe o Lo e D oOm Aperatror.  Receivers

Sinale Lo or in formation.  While
weeiing a rormation Of wilrcrat-, one ship 1s refueling while
thers remain i3 <he vicinity. Faclng aft from his position
DOOM pod, thie D001 operator must nave unrestricted lateral
viviny 90 ei1lnher side of tne tail, 60° above and 90° below
the longit.dinal axls of -he aircraft.,
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3. ENTRY/EXIT {Normal ano vmergency). Normal entries/exits
srovide o : to the flight deck without interference from the
Cargo/troc g aczivities in the cargo compartment. Space
ana arrangement of seats and consoles provide easy access hetween
vhe rear oortion o the flight deck and crew seats for crew mem-
Del s o wearing bacsk~-tvpe ar chegt-tvpe parachutes. Then utilize
vATL0UusS means comﬂat;wla with tnhat )i the receiver to arrive at a

5501t 101 within visual range of the recelver. Ground and ditch-
nc emergency exit= include the pilot's and copilot's sliding
windows, inward opening natahe% above each wing, and the aft
emeryency exit natch on the right side of the cabin. Additional

il eaxtts lnciude the crew =ntrv chute at the left rear of the

cLoxkpit o and the main cargo door. Inflight emergency escape may
Se accomnilsned by oexlting through the crew entry chute or the
4t esergency exito b

. ’J Ll'

S, TiNG. Toee roexknlt crew seats (Ref. 14) are adjucstable
e ngitudinal and vertical axes and reclinable., They have
3 Y
ITosat resilient Seat and back cushions.  Lumber support is

. i
1WJlIabll. The back cuosnion may be removed to accommodate wear-
Saoa sack-tvpe paracnute. The arm rests are comfortably padded

and may pe stowed [Or easler access/egress.  The height of the
arm ests should be easily adjustable so that the elbows and
torears can fest 1 comfortable elevation. Each should con-
“a 4 Trav, SlchoCo he exrended from the end of the arm
Set Ao narsSnaad grips oy the vilots to grasp when they are

muaredyvering whemnselves in or out of the seat must be present.
Addirvionaily, foot rests are jnstdilod to provide a place where
Diaors can elevate fhear feet o reduce fatique without damaging
Yoo anstruament panel or otner Jols,

T Re TSY ‘Ret . 141 For the complexities of this crew
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L f kn\GFMFNTd/[K{UHﬂ. specitfic location of displays and
+-
m

Pl e it e stigniaticant., ime of response, misinterpre-
Tation, Overcoxing or oisaing are directly related to the care
AT ised L iwglq nG o he lavoat,  Factors to be considered
inioa e frequenae:t nf ee, rojationship to other tasks, accessi

Sl lty under Jl;’o 1o 1egr e b constraint, emergency condi-
cion, ld@nti:lwdu]wﬁ, readaniiity, interpretability, and
snysical factors (slze, welght, structural interference).
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T c L GUs TdnCo ana ints are i1ndicated by describing
9¢3w- and CcorsoL area can he reachicd with restraint har-

lockea ana nlolked and py aescriping visual areas normally

ne < e GA
N TOST sensitive area O view and thogse 1n areas of lesser

criticaiity.

a. \gﬁ:F f\) Visiun.,  Reuch envelopes are depicted in
av, uraq and power controls are 1ocated
v. svace is available for the
zna disolayvs within Reach Zone 1
7one Y. Folilowing are definitions
D Sre in nutebooxk (Ref. 17), They accom-
Todate tne Stn o tnoe G500 nercenitile pilot.

: Res 7a.nt harness Locked-Functional Reach.
DML Zone 1 L Lie area Taav can be functionally reached with
Lne sewt 1o thie 41l ouwd position by the fully restrained craw
Memder wlihoutv recten oY ar r shoulder muscles

™

ness Locked-Maximum Func-
the area that can e func-
the full up position by the
the maximum stretch of the

darness drlockea-Maximum Func-
the area that can he functionalivy
U position by the crew member

extended and the arms stretched

L Lrictea vision through windshield and
memtor 's caide of the aircratft with
and Smergency OXyger 1n o ucc.

e Suu Aot must have overhead, contor,
s oo consoles of adeguate size to
. ard displays. Present consoles
¢ toe excoption of the pilot's center
avged. The boom operator's afi station

TLoaave o Tane. o adeguate Sise ro position all required con-

tron sDLaYs WIThin easy reach of the boom operator and
wWlln ‘racivlty hy the boom operator in a satety harness

G410 exar JOncy oxyaen,
Trhe Lot Ore nedd cunsols {(Flaure 3Y is approximately 4 stan-
ddrch ARING oonb. o0 hanels wide at che forward end and approxima-
Tely 6 pane.Ls wide at Tae rear.  myebrow windows on eirther side
PP ST STR A AP GRS o SSRS srlatv. Tne st oend is constructed and
mouNTvec S0 oas e prociads nilors rrom ouamping their arads as thev
"o e should primarily contain ailreraft

anter U0 REERER P e

R

system controas and displays,
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Ve gttt ocenter ConLore TELL A f nCULG Do expandea in slze Lo
approximately 2 standard ARKING control panel:s wide and 24 incnes
DOng runNniing alt rrom tne torotvlie quadrant, with the last &
inches narrowlng to one wvanel width [or easier Ll@f(aS/ greui.
Mhe nelght ol toe console chould be approximately 14 inches Tne
back corners must be constractea so as to preciude 1njury to the
plivts!' legs during cgress/ingress.  The throttles and drag con-
trols are located on tne center consocle approximatoly even with
tre voke along whe tore/atr axls. 'The center console should
primariiy contaln avionics CDUS that must be accessiole to

coth pllots. Tnhis includes those CDUs used for communication,
naviagation and tlight control through the autopilot.

The forward center console (Flgure 5, formerly cailed the "rfuel
panel", must house the fuel contrcl panel and various other avi-
onics CDUs that must ve accesslible to both pilots as definec oy
the "Reach Zones".

The pilot's and copiiot's side consoles (Figure 10) are space
limited to approximately one standard ARINC control panel wide
and aooroximately 11 i1ncnes long located outside and abeam each
pilot's seat. They should house items reguiring access or con-

y only one pillot, including individual oxygen regulators
and individual interphone controls.

trol oo

5

frorward ooom operator s panel (rigure 11, located ac

The the
former navigator's station, must contain controls and displavs

for use by the boom operator while in the cockpit {(communication,
oxvgen, lights) and some CDUs that are redundant to, or not crit-
tcal to, locate at the pilots' stations (dedicated INS CDU, HF
radio control, accelerometer).

Tne boom operator's aft station presently offers adeaguate control
na display space and access. In addition to present capabili-
=5, the aft operator's station must allow the boom oderator to
Costmart oand Ztop fucel flow, 2, oresct jucl ¢ffload so that

ofllnad stows automatically and (3) reccrd and display fuel
nfrloaded duaring each mission and to eacn receiver ({(Ref. 61).

¢. INSTRUMENT PANELS. Tne cockpit instrument pane.s
iret, 18) are 1n tnree sections; lett, center and right. T“ey
arr dimensioned and inotalled to provide: (1) necessary ove.-
the-nose visipility from “he design eye pObJ ion, (2) adequatc
leg room with fall ruader znd braxke operation, (3) unobstructed
visiolilty ©f the rlight and enagine instruments, and (4) easy
reach by the pilots with their seats in the properly adiustead
position. A padded glare shield over tne panels protrudes toward
the rear to reduce glare on the instruments from outside ambient
light.

The left instrusent panel contains principally pilet's flight
tnstruments.  The center panel contains the alrcraft systems and
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cnglne perrornance Inctruments, o+ CoOncolldated Ccaarion aha wirn-
ing annunclation panei, and iand.ng gear control and position n-
dicators. The right panel conti.wns drincipalily copilot's 4
instruments. The instrument panels are gray and the glare snieia
black.

g

d. WORK AREA. Inforaation contained 1n aeronauticC..
charts, flight planning publications, and aircrafs perrormance
manuals must be readily available {or inflight navigat.ion. Pre-
cise and 1lntensive preflight zlanning does not preciude chnang:.
of air traffic control clearances or tactical aiversions recouir-
ing use of these documents. When they are opened or crniclaed
in the cockpit, half tne instrument panel and windsnield -re
obscured from either pilot's view and accurate plotting of
courses or coordlnates 1is virtually impossible., To provide ..
working area, a table top surface useable by the copilot at n.:
crew station, which will not interfere with full travel of tre
flight controllers, is highly desirable.

One possible method of providing this workspace is with an ex
dable/stowable table. While nct in use, the table mun* no Gi¢
near the copilot’s sea® 1n & position that will 1ot interiere
with ingress, egress oOr access to the controls. WwWnoon extenaded,
1t must provide a flat surface over the copilot's La:3, whelr
publications may be used eftic:iently without obscuring cocrpit
visibrlity. The table, 1in anv obositlion, must not interfere w.th
flight control movement 1n flight or during ground operat.on:.

) ot

WG

~

e. WORK STORAGE. bBinder checklists are typically aiiqa-
cuit to hold and are often dropped on the {ioor or on ton o a
control or display. A cnecxiist arrangement whicn alleviates
that problem and Drovides the pliots with pertinent and time v
information, 15 required.

6. RLST AREA.

COMiOre tedacdres in the
Sy e QuCing Crew atlacue
L€ can "worx around” 1ror snorc
ii1cient obstacles auring a 16 hour

CRizw COMFORT. Cort
design allow more cfticioen
and irri1tants. Things “ha
percods become unsafe or 1ine
crew duty day.

Faucilitlies are provided where an augmented a1rcer »w Car
body waste, combat hunger, trirst and taticue, aid maintain «
r2asonable state of alertnes: Jguring a crew duty day up to 24
aours 1n duration. An augiented Crew consists of the Dasic crew
nlus at least one additional pilot and soom operator (Ret, 19).
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B. INFORMATION (DiSPLAY, REQUIKEMENTS.

1. GENERAL. 71U 1s necegzary tnat the information reguire-
ments pe addressed In terms wnich are meaningful to effecting une
mission (in contrast to the present practice of LdentltyA“r only
in terms of sensors available. One unicue display of & pa
eter, whicn 1s readable 1o the llmits of sensitivity cf tne SEn-
30r, 1S not aecessarily appropriate). Some 1nformation, at Least
by name, will appear in more than one place. It may ciffer in
format, accuracy, seasivtivity, ana response frequency. Informa-
tion requiremeqt; are tallored L0 WO major categories of
interesc; namely, M1ss510n Management and Weapor Systen yontrm\.
The major distincy n being Iong term versus short ters. as well
as the scope of interest, Afo rer way of ai
the two 1S5 to view Ml anagenent as tne province of oy
ment, strategy, planni T

(¥4

’1

b J

ing ana decalion making tor o accompliilshing
tne mission and to regard tne wWeapon System Control as the action
means for respondlng to such declsions,

2. MISSICON MAMNAGEMENT. M1ss10n manageoment 135 the appilca-
cion 0Of the Crew sSystel ir eftfecting tne mission. It provides
for: assessmwent 0L progress, as puanned, Ln o accomplishing the
mission; determination of degree of variavion, eiffect oif the ace-
viation and considerarti cf alternatives. (Tnis L& no% new, alil
nilots do it impiict NTSC 1S new 1S the ldentification of
the area ana spect GTion Lo the needs for this fanctionj.

1 nECe33sary To Know: (., I1If space-t.ime

D 112G as nlanned (tned 1%, 1 the veniclc acs
tr GG @&LlTitoae Dianned «U tne time p.anned
witihin acceostan CUAnces; ; 14} Have any 1actors caused
cnange T ZuCoe3s Of the mission: ana {2 wWoad

in the DrovaniiiTy ol
ALLernatives aro aval. &

prooanility of  aceoess,

o)
s
il
-
t
o
9%
~
T
o3
o]
<
o)
U
I
D
=
O v

“hanges affecting

. PO NM1sU1lon hanagemen: [

LSO LY ImaArily s o navication tuanction. AT a milnlmum 1he
Trew Tast e L. YO aetormone iy X, Vv, Z position with a tine
hase for corar..on 0 tne pilanned pLuzklg against tae same time
ST Tace.: el snouid De oabie to wview the tine history of
nDlaaned anag aftaa. Loace-time gog.tions and also the projection
Yor tutiare rime,  withotoe constralinits of technoiogy and econo-

THLCS Aap2 L iCacn e T Soi. vehilcle 1t wiii De necessdary to ScnpLloy o
TIAMoeer b et L L L anG CoMaaTing devices 80 & to cover e ganat

U2 S U A S AR SE R NI PR SR S A S O I O SIS - Lo precise P
ST Tha et . conetrer of SOURLD reqdlred 15 allecton
T ony D) e ey ahia GoC irdcy regadnced DUt 18 auso a0 o=
cnced ey tae or ool taoiirty oana coniactence and ol rne o=
P e A T TR O ST R O T :'\. G ,~n.45k1u“..\' Tl Fow
R Y I N ensors for aogai ino
IS o ; . i A Y. 4 Te.tiplicity o Leonoors
Pl Ty e RTA Ve, g Coarant o thnat, trom She
Crew a0 Ve, LTINSt St 0T aLpITOLTRe S g S ImDL e Siacie
AdISDL AT TOr At L L e S s =l o uE DN I IONING CONnCern. isdnen
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V2 NG INE (365 DLl nOoU regairedc, - GLIDLa LY,
upon demand, a nealths/li:re indicaticon for cach of tne enginen,
the 1nformation to be based upon accumnuiated nours oI operatcior,
normal life expectance, sensors for o:l contaminatlon, Sensors

' for vibration. Should be displavyed continuously when reaching a
preset limit.

(3} Cabin environment (desired but not requ.red) - ;
display, continuously, hours and minutes of oxygen remaining
based upon oxygen consumption rates.

(45 Alternates - displav, upon demand, coordinates
and 1dentifiers for alternate refueling uracks or a‘rcrnatr
recovery cites that are within the capabilities of the aircrait.

upon demanc, an indication

=y € piav,
of weather tifactors. Tne display should have the cavability of
pre benc1ng a graphic/sympolic portrait of the weather at crew
selectable ranges around tne aircraft, The display should nhave
the capeéepility of overlaving aircraft position, flight plan and
crew selected wavpoints. Range &Y weather returns wili pe 4 NM
to 240 NM. Resolutvion wiil pe = 1 inile with & sector scan oOr
o2lan positdn 1ndicator dispizy 1ormat.  There are two wea:jily
visiole ana independent 1ndicators one for the pilot and one for
tne copilot. The piriots may have different ranges seliectea for
weather displav

{6} Taxe ofr and Landing Data - disolay, upon
demand, <«ll tne 1nformation requlred for vakeoff or landing. The
crew will inpuas the :ACd thnav 13 not sensed, 1.¢., RCR, surlace
wind on active runway, tflap secting, runway temperature, etc.
Display is to b2 in alphanumeric f{ormat.

{7 ACLIGOoT ana Ba.ancCe - di8Spiay, unon aemana, the
weight and Dalance O Tne airorais Tne crew wili input the darta
that 1s not senscd (1.e. drogue, cargo and passenaers;. The
Dasic welgnt wili e pre-programmed. Displav is to be 1n aipna-

numeric formt.

{8 Thrust - dispiay on demand tne thrust roquiread
{or cach profile segment, 1.e., T/0, climb, cruise (including max
range ana max enduarance}, ana aescent. Thrust commands will pe
accurate within + .05 EPR. Associated with this, a aigital dis-
play on demand will provide optimum altitude, macn/ilrspeed, time
remaining at optimum profile ana distance that car ne rflown at
optimum profile. Display upon daemand, in digital rorm, time and
distance remaining {readable to + one minute ara + one mile)
under present flight conditions.

3. WHEAPON 4 _CONY concern with the
immediacies qoceu»arv to the impiement lnu ftecting; tie aecl-
ly

f
L
sions of tactlics and mission,  Although tane flying of the vehicle

N SYSTEM CONTRGL. Controi 15 a
-
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{3y
tor displavs are fhv “primary action dizplays, “he infornatiorn
necessary to determine desired actlion comes from oupporting dic-
plays. Ore broad class are cthose which provide i1nforration
(short term) about tne flignt path heing eftfected, those paths
possible, the desired or reguired paths and the lLimits of safecy.
Flight Path Angle {(FPA; 1is defined as the ancle between the hori-
zontal plane and the flight path (in a vertical plane) of the
alrcraft (Ref. 21). FPA is desirable although not recuired. I7
ased it 15 to be aispiayed upon demand, to either or both nilot:s,
It 1s also to be displaved in contlinuous graphic fashion superim-
posed on the attitude display. The indication 1s to e a chape
coded mark which translates vertically with respect to tn i

WhLie stullituwrie ane o©oignt Duorec-
-
I

zontal reference on the attitude display. The o¢dpde ent

the reference line is proportional to the FPA with movement aoove
the line indicating climb and below the line indicating descent.
Displacement is to be not less than 0.030 inches per degree of
FPA., This 1is to be positioned to the right side of the attitude

display (as viewed hy the pilot). Display should be damped
so that FPA responcse rate iz similar to pitch response rat
displayed under similiar circumstances.

position Cal:
Croundspeed

neTion ase ST e i a onov.
A2IN INSTrUmMent Hcneir with 13's norizontal Lxis aligned witl 2. ax
O the attitude 1O § tolevance ol + C.1".  TAS and GS are oo De
co-located in tne icwer ieft corner cf tne muiti-mode Horizortal
Situation Dizplay (HSD;. CAS and MACH wmust be prezertea in
graphics format which mav be augmented by aiphanameric readoucts.
The display scaies may be vertical or round. TAS 1s to by co-
sented oy an alpnanumeric readout. Tne values associated wito
maximuin structurar .imitations must oe indicated on the CAS and
MACH Adisplays continuously. Ranges, accuracy and reaQanility are
as follows: CAS, 40-150 + 1.0 xnot, 150 to 330 knots ao + 2
knots and 250 to 500 knocs at + 5 knots; MACH, 0.1 to 0.9 a= +
0.01 Mach; TAS and 38 O to 130 KTAS/KGS at + 1.0 krov, 120 to 530
KTAs/dGS at + 2,0 <rocws,  The maxinum ooeratine l.mi=s of L9 mach
or 350 KCAS Eqst ne u;pr"yeo CONLINUOUSLY ana wilii b integr.:.
o the CAS/mach display. Both primary and back 4o displays wi.

ne on the same i1nstrument.

(57 HiIGHT. Displ
position barometric refercnce al
demand, at each pi:lot posit: o
terrain. Rach value 135 to be
may e augmenced Y alphanume
or baromebr:ic altintade readantl O
L9 for barometric references ana 2w tor C

, containuous.v, at
titude (Ref. 24;. Disniay, apon
he absolute altitude anove tae

I ayea 1n graphics {ormat wihicsn

adouts . Rango and gcoar.cy

TG00t to 400,000

AXC relcrence bt noe

t

i A}
T oxceed 4+ 2%0‘ OU nrde oDroessare altotade throuchoat tne Pliabt
Drofle. For vthe abooyloate walues, 6 to 400 v, at + 10 uand 400
ey 2500 ot + TG'. The dioplay scaiaer mavy of vert ionl o or Coudna,
3 the degsianer ' o opr.on, The dianiuy o a0 Lo ne Located on

Lhe maln Inoc rument Dasel to o the richt oot roe attitade aLaniay




: Wil the baromeir . located Cclodest Lo attrtuae. Thes NO@ 1200 a

i sxen should ce in cliignm WiTr Ene atvitude axils o beoow D00,
Visual tow altituade jooymibos mast De o provided onouiln Gas
Slay when the venio] aiow Vi toet Mear, Son Level o :
(4

The baroietri1c dlspo

inches of mercury,

(Ret. 26), and ]

sensors during deg
3

AXoC INCLuUTe Darome . ric oresaure i
Lor/reminder irdication, ket X
ion of revergron o hackan/alternate
wode or empesgency oneration,  The sceloec-

tor/reminder disp ;r each »ilot, shoula ndicate asrcraft
aeproaching selec catude woen deviation 1s 1050 or less,
There shoulid be an inaication aircraft has deviatea more than
200" rrom selected altitude or mure than 50' from glide path.

Dispiay, conuinuou.ly, at
7
2

eaon p‘lo* e of change of ul.titude {(Red. 27).
n

order to im ] 21y dispLay nectinent vertlcas VelQC;ty niorn
tion, the shoLld encompass Laromelric rate

’ I ’
ploch attitud ol Lruc alrpgeea. Proper mixing

»I these ae piiot with oll advantages in

(ulckness ATIOna: 1hnotantaeneous vertical velo-
cLTyodisniavs o oot gaded zdvantage of displav smootbinag in

AL D RAnice, g Ui alcspeed Signal 1€ usSeda o garn—-scneauale

The DiLohn k T LIgnal s,

vertical veloolity drsnlay should:
, Provide an instantaneous

e of tne a:-cratis.
o ose caiicrated 1n feet/minute from zero

r
3
&
o

1n vertical Hrof

= i : P To wathin S0 1t
nute between 0 anc + 2000 to wichin 200 feet/minute between
22000 ana + 63060,

47 Provide oo actilial ana rrend
sntormation.

Al to tne right
ol 1€ . « - horizont: Sirwuat o Thu Sive of the Giacits
; ; ) TR SRS RIS SRS S
; Lo piiovs! o eve Do
v
D1cpiay, conting o Ly
iy pLiot between the wing ~hopd
e FEORN T S S AN o 30 G S Ve L PTG SR e airoral st et ‘8; e
DAL I whvn, Ael erininia: Glrsiecas, COoMPeasalion mast oo Tade o
oo seaqe ana of ol whi chiavee airerad . Aads
tronabiy, OXoot caran  Urons weiahte qre O ten ; RS SR
Tane: /cauulnﬁ VOertiCal aCCe oo alt con and rhe angle CF ank
recaired tor some tactical approccne., regquire s "rule ar o rhanht
increase 1A aurspecd. AT res00t, continuonaly accarate cons
putatilon of maneaver ing/anproach 35000 (0 00 practical. AR
anigie-of—attack diynpiay v o recLiced Lo e liows P nilots of con-
tin)uudlf apaat 1ng  eane e ; specd rogqaarerents while Lro-

vidling them witn o direcr of the deorryred anoare =0l —attack

reqardionss of charnging diroralt welaght/perioraanas rogalremnen!




oy 3

ana DEL ol iguur ot 1ong, Poe precentiy inntalloed AUA
mects the following criteria.
(a) The ACA airsplay snoula:

{i) Provide a "normalized" indlcation oo
cimpllty pilot interpretation f.e., diglts 0-1.0 indicate percent
ot 11ft. 7Zerc ina.cates the zero 111t angle of attack referenc
{or ~4 degrees,, wiile (hOe 1.0 represcents 100% of avaiiabie L1t
and an angle of attack 1ndicarion between initial Surlfet and
stall (or +16 degrecs).

(27 BN W TAC relatlonslip Detweern L
alrcraft ADA and tae desirea AOA ror crulse ana approach
configurations,

{3, Show the alrcratc's AGA wit' reopect oo
the AOA for suvall.

{4; Proviae actuaal percent ot i1t ar weld
as trend information.

(5. Zeoc sated to GlsSpliay oplonud ASA
for Lor max range, Tax endurance and approach operad 1on,

6 DProviage ACA jadications
matlcally combencateq [ov cnange .o Lifu configurat
of fiap.

s —~ 3 [N P - ey oo
(7 30 locared to the 1ot and appsoxima-
tely hovizontal with The aiispeed lndicartor, since oo intor-

mation from the (wo uysStems 1S cornplimentary to eacrn other.

() The previousty 1hed ang.e of gt oK
Iniormetion muss oe sdppiereated with an ASA indexer.  Thiloury
{0NS TOr Qach pliot; 1s locared on tho glarech: ]

L &ye rolerences., The
Letwees (6259 and 1.0 A
LllumainNated Deuween

HED TR IO
i

along the niiots!' norm

i gy e R U I
Cavviion 10 lLodiulinanedqa

Snospeed™ "0 (cirole)
The bottoam "A'" Jamoor

Linminatea tovrween vorda andt
3

- N
VRS DI . 0 S0

L9575 AOAL A Aimader switol 10 o avaiiabie on ocach 1ot AOA
indexer ., ne indexcor 15 oeasily coaaable under ii 1 amniont lighn

condlrions.,

’ H - . -~ e . . . N v T -
v An appraoatn o rndex o radaca ton b Gl e

ttampened and then ropeatea on the arvitaace dlrestor 1naionto
/ulow deviation pointer woen Uthis switoh coiection 1 made,

The center dramond or Yoo unesd” norgaliced AGAY indlicat . on ren-
resents o6 AUOAL Thne 510w inaex (alanondg) teprocent s o o6 ADA

while tne fast index represents .50 AJA.

s, Yo cgeh LT, ; Y bt DLt i
votwoeoernn the airoragt Yo Later L s e ran, TR AL N A I SR !
caordination Aispiay cacaid chow fhe sagnit oo and o direction ot
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Tl "G" o wector on toe o adroratt. Uoe Looation ShouLni Le near anda
iroa vertical plane wlth tne gttaitude direcotor andicator.  An

¥ 1 )

{Ret o 20 recomtenden.

, G oimmed: -

laclinometer  or ball-in-a-race d.splay .
[t should be ei1ther in the DOLLOW DOCLian O 1 0e Al
ately below the AD:.

9, HeADING. The heading of the aircral
cacle by the pilot i rolation O Magnetic north 67 trae n
1 31 (

snould be displaved continuously to each pilot (Refl. [
N2
{a) An adjustaple marker o reference a desired

neadlna shouid oe providei.  The adjustabie heading marke

alno e used to signal neadling (ummu.i Tor tae flight dir

THe heading maraer will De o integratea wich the horisontal S.otua-

tlon display and re adjustable independently trom elther piloc
tatlon.

Shouid:
magnetic/traue heaaing

.

b the Girsrailt o

d¢ stanilized O Hrovice arn instan-
taneous correct nheading.
{3 oe, Lntegruated witlhh lhe Lorizontaid

D, Toe fLiGhu llreCctor. and tne

R
taat Do dlEsplays,

ight control system.

fhel o 5. R Aol it
Lween s Lo speed and croundspeed,
or those Sysierns, wliii provide the
Sion for windobear detoc. ion and
Tento.

R IS Ty T Vs 1 e -1 : - F
ST Treo followlng Llmine onfari v ion
s of Wil was Lrevinns L/ manageoa Ly Lhe savigator) must b
Tipedyedt 1o Dot the niar and ton o0t
Cao Pl o] day dn GMUT o naviTal Lo ana
LTI Lot 1 W17 ot i e contral oand coosmand and controd

r

ATGAN1Zat 10N {(COLLILGOUS a3, dy i .

ey Haokab e coapuea time foom takco!f! o or Trox
foapectiled onraate novagat 1os waypolat oed for compatation of
froamdnoeedt, Carnarg pointo, o non—nrecd Lo anid Gach P aming
MR AN




(c) Estimated time enroute to any waypoint 1in

memory.
(d) Estimated time of arrival to any waypoint
in memory.

(e) A two-window digital time display with the
follow ng features is recommended: a 24-~-hour clock readable to
seconds and a hackable elapsed time counter readable in hours:z,
minutes and seconds. The counter should selectively count up or
down. The clock should operate continuously from the aircraft
battery regardless of the position of the battery switch.

(12) BACK-UP FLIGHT INSTRUMENTS. The pilot's and
copilot's flight instrument systems must be designed to operate
from independent power sources so that, in the event of power
failure, the aircraft can be operated by using one system or the
other. Additionally, redundant altitude, attitude, airspeed and
heading systems, as discussed in paragraphs on these subjects,
are required. 1If electronic attitude director displays are in-
stalled, a third attitude indicator with the following features
is highly recommended and is required by Federal Air Regulations
(Ref. 36) for certification as an air carrier:

(a) Located plainly visible to bcocth piliots.
(b) Appropriately lighted.

(c) Operativ. independently of any other
attitude indicating system.

(d) Powerea from a source ilnaepencent of o
electrical generating system.

(e¢; Operative without se.oCt.on ooter ot
failure of the electrical generating system,

(f) Continueca rollabic Oyl gt i0n tOr 1 L=
mum of thirty minutes after toto] faliure of the electrical
generating system,

(ga; Be hardernca against predictable EMP.

ol

(13) VEHICLE JONFIG U ATION.  Tne drisplays for veh:-

cle confilguration are to be grouped Togetier or indy pe integratea
into one display device,

WIngG riiapns. T S R I A S G S S TR
tion in degrees of the wing (lans o A Liraie 127100t i0n, 10 o ta
located on the main instrament Hurel Con o0 o e readabide roobo
pllots., Display 1o to he reoadaliie anin o0C o e tG 4 T deat e
During transition *he Loy frop ctated oo o 3t b o

agrrater than 0.1 secona.
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- e LT

f,ovontiauousey, tne posil-

Cion ol rhe speed Drdke A single cisplavy, reaaable by bhoth o1l
Lot 1s to be located main nstrument panel.  The dispiay

oo tor inaieate Tihnat the 05000
TreCted with oa recaliy Jdistingulsi
or naltfunction.

voextenaed o fully re-
dicatlon for transition

“uudlgj Seal . DLspPlay, continuously, the posl
tion and status of *he landing gear. A single disglay, readable
Lo bhoth pllote is to e locatoa on the maln inscrument panel,

The dlsplay 1Is to indicate the ¢conGgitions, iu'
Yully extended and Locked witn o readily dis
ticn for transition or malfunction.

indica-
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Warning, \n alerting display readily reaa-
able by both pilots, 135 to provide a readity distinguishkable
and attention getting i1ndicac.on when drag devices are not prop-
erly aligned with the controls or the thrust-drag condition is
tproper.,

i . Display, upon demanda,
withln {ie propulsion ‘. ay group, the values of the operat.nt
Saramerers ot ’ i k thrdast MmanaGenent condition serecten

PR - et y 3 . ~ 3 PN TR N Al — L. -
DN Srew, a1 condit.on seorechaa. AR aldhanumerico
WOUt la b o Nt coraltion seLected, e OPRULLIMLD OLela-
PO [ . - P T N A~ LY e - L
In; o conditions, too operationally controlldable parameters ana

Cne opt il values O ThesSe parameter s,

(L9 CAUy;u\ AND WANN NG, Ther: are many item.
ST O aed adcw;aoky atftreot 0 DSO1Cn, Lo vehLoie, tne crew.
Toe errects of m;ifunc“Lon o the o gamut Y rom minﬂx INCONRVen L~
GG TG Latdasto spne. The nulure P tne matiunction varies in

lhes response from (ne instantan LOOthoLe wilch ecCrue over
wavs and daye.  The multivuae of displave and annanciators re-
Gdire thar spe i oetfort ne made in the case ol alerting and

R R \.A‘foidt PSS RN I S S S S R S A SN U ‘;~.f- .
DL O T SO e L oD ws b e Tl ed oD
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S On, SR VOIMe W r S i00s, LAt Tra 1 a0nan TG n and ot o
e T rorihaince s T OF T mMGH L Jrgent, Glle thirestoenin
o Cter reduite Separdte aniquie @lerting modes willon dle oaene
Lttt b o orer Jeicie e another s Vire and ImMminent coltinion
PR S S o AP R IR S TS AT SRV
Fﬁzq. A fiasing rea riaght oo vl SAnda e G
e vngine /whaclwell flre extingarisher 1o to toovide Ve atert onu

S I8
PRI I

o the Crew whenever @ Dare OCCurs in Uihe onaine,  ndce . 1

owheeniwe Ll areas. The Tight o maau e o dticient anrenaat
Al SNt pant S0 ans o e reactd o0 vl n e acder maglh o amnient i lia-
Tt lon conastiong. e alertang Lignal Tant oalso operate
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Coilision. A single indication readabic oy
both pilots 1s desirable. If used 1t must provide an alerting .
signal and display for proximity warning and collision avoidance.
This, while normally "blanked"” must be in an ‘armed' or reaady :
status at all times when the vehicle 1s airborne. The alerting

signal must also operate through the Caution and Warning System.

Caution and warning. "Master" indications for
both warning and caution are required for all sensed failures or
malfunctions. This is to be effected using two signal lights
located centrally in front of each pilot. The intensity must be
such that each 1s readily seen unader high ambient light levels.
The Master Caution and Warning lights must each incorporate a
push actuated switch so that when lighted a push will extinguisn
it. The Master Caution and Warning Lights, when activated, must i
stay illuminated until the malfunction is corrected or until tre '
crewman pushes the switch to extinguish it. Each of the lighzs
must respond to an activating signal and correction of the mai-
function. Each must be capable of being individually extin-
guishable by either pilot (Ref. 37) (Ref. 38). Light redundancy
is needed to preclude total Master Signal light failure.

{a) The caution and warning panel shoula: ?

(1) Illuminate in conjunction with tne
master caution 1igikit but extinguish only when malfunction has
neen corrected.

(2) Be color coded between cautionary and
more serious (warning) systems.

{3) Have a circuit testing system which
illuminates all the individual caution and warning lights «s
well as the master caution lights.

{(4) B¢ readacle in airect sunlignu.,

(5) Be dimmable for night operation.

(5) Congist of one 1natvidual dedicatea iaht
{(reduncant light.ng to preclude outage) o -ach system or oystem

fallure.

(7) Provide g groen INURCsLtOr COr anti-icoe
usage. This light will not trigger the “Master"™ lignot,

The nomenclature for tnose lighto 15:
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v5) Visusi engine fire warning 11GHT. wWniorn
l:luminate when an overheat condition around the engine occur:.

{(6) Aural pilot activated svstem (neli,
alert the crew and passengers of imminent danger such as ba.l
out, ditcniing or crash lLanding.

( 6) LIGHTING. fighrting must be responsiive to 21l
display viewing conditions. Three conditions, listed in ascend-
1ng order of severity are: (1) a clear or partly cloudy sky with
the sun incident on the displav over the pilot's shoulder; {(2) a
low visipilityv diffuse surround iuminance of 10,000 Foot-Lamberts
li1ke that experienced in haze, light mist or near the tops of
clouds; and (3) sunlight incident through the aircraft windscreen
just over the instrument panel glare shield and in the general
vicinity of the direction in which the instrument is viewed ny an
alr crew member.

}.1

< D‘

Tne orientation of i1nstalled aircraft i1nstruments must be such

that direct specular (i.e., mirror tvpe) reflections or light

sSources enhance the perceived seglpiiity under this viewing con-

dition. The solution 1s to either blocs (or attenuate, the Fie.a

of view in which thne sun is iocated or increase ¢isplay lumlnance

to comDensate for the apparent increase in display background
iruminance.

O. VEHICLE PZRFORMANCE/3TATUS (ADVISORY).

t oFoaLrcratc
vertorinance layea to the pllot; T
nroper and ti ircraft maneuvering
can be made. > splay that time-shares ene
formance witn other information 1z not acceptable., Toe
incstrument display syscem snoudid:

ca) Contlnuousty provide

CTOONG InlDrnatIan: ol ealh of trne roliowing

i 2 gl
g lne: PR, A, s, Puel Tiow, 011 Pressu e
Dressure tor —ag: oo om. Toa s information o o
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VA DYETem TO BLOrt Lo Llan T s
Tain fuel tank nas loss than 9000 sounas of ruel wionour oL
Tan< to engline maniiolid vulves open, all main tank 5Oost Luln
turned on, and the landing gear down.

“a _ 2 . N .
are not belng red [rom trne tank £0 engine sanifold con: [curation.
(m, A syouem ©
cnter wind tanx fuel guantity ¢
override pumps are not on and at
13 not on.

alert the nilot whnenever n
ls below 20% capacity arnc
east one S00St Tump per <ng

‘0 A svstem to alert the pllot of low Jov. !
Lan Vv whenever tne fdel remaining 1s less than the Tuci ro-
J1Ted to aestination {plus alternate if designated; ot preonro-
S 3 olus one hour.

‘5] PRESSURIZATION. “The vdresently ins a S

noomhe Tollowing criterica. Canin altitude mav ope CTOG e
“weosr. —LC0Cs to 106,000 feet by tine pillots, after which trne seloo-

P CaoLn altlituce 13 automatically maintained with a maxis.os {
cozicuede axiferential limit of 8.6 psi. Emergency deprdsSidrize

y “i0On conIrfOls are proviced. Cabin altitude is displavea at z..

.imes.  Tne rate of change <f cabln altitude is controliab.e He-
ween 50 and 2000 feot per minute. Alert/warning annunciation -
providea 07 ma.runctions and for indication of cabin altituae
zbove 12,000 feet MSiL.

e
i
I

rr

IONING. Cockplt and cabin .
, however, actual temperatur =-

V7 GEYGEN Orn the precently insta..ea ovivtel ©oo
OxXYVgen system guantit T Vol 1SD1 '

: GgNncy oxvgen [iow a6 p
s crew stations plus twd passenger &
i Alcrt/warning annunc.abt.on 1s provid
nxygen flow Stods {or any reason.

len, ten nortanbio oxygen bHOttie brac
changing ouriots are nrovided.  Quicx dox
Groprov.oced stoune oilot's and (oolloL'ﬁ
‘ Pmaication Of OXyaen reMal ‘Lug (in

286

rate o0f usce. 16 tne oxvaen - 15 Mot in use, *he Ladi o and
Tindbtes ol oxyaaen remaining will be displayed as 1L one Dorson
were using oxygen with 1002 selected.

C. SPACE=-"T TME.
(ol CONTAT, SITUATION. DI Lav to e ,
D110t oot TR oy Ary VoL reinain Or LonuTo Wb

: mc)tifvn neces:s
reGard 2o Erue/naGnet e aorty; DeGninGg Ve Orooanad bracs; oo, T
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Clun; ©o20 JAlICasl ot

204G ray ;
atal e Ormatlon or racoiver alrfcralt;
L irea Laneuvering in a hnor.zons

2o the controi ol tne vehicle in Lo
SGr L Context.

Gioplay the o i

Contar Dlanc.

sosvtion.  The cen SISNNCYS

incvrument panel 27
aily Ol tne center 9
oo+ 1 0" Acditionaily Lrto lateral alignment with
LLTLCAAE INaiCariton AusSt o0 wlithin o+ 0Li". Tne vertical
SONT HASU N LmMealitely Delow tne attitude aisplay. for
regraced mode operatlion, wisnlay at another location on the
torward inctrument panei 1s acceptable.

O v

Sveorniormad ton to e disvlavea falls 1nto three categories; ©Lo-
Dlxy Contlnuowsiy, display only upon d n d Y oeltner coo-

3 3

Do

Q, O,

t
ot e

O

ol

;

D

LD~
n

(oINS

~inuously or upon demand according to

U1

b)
e T e

[s1}

)
ot 0
QO w

SRR (Ve S
oh)
@]
0

S
rolLlowling mast De continuousiy display agne o} ree neaa-
.o {oreforranly at top center of display) of the alrcraft o i
rozhanilicy SLor L9 w04 5YRI0OLIC graphic format.  Desiradn
Cr oL OF magnetlc course (preferradly a tne top rigot <o
Goohaat), aCtaal clstancs and time at ent alr=apeed !

r

Q us
0 10 &

b
¢

oro 1
Giia T Toe too 1ell Ccorner Of dispiay) S0 & Crew Qesignaton fog -
Gp e polint (TACAN, wavpolnt, localizer, to & recdan:ility of
L0t oin & digitar 1 ' for the angular Inforration ana o
AGGaLeiTY 06 T oLl to 99 mixes anda + 1 mlle thorcalTer
rotne distance ntormation In L algltas format and oo
L0nO Lo nour ana T L mninute tacreatter.,  Groundspeod a ,
Srooend wili aiso oe dispiraved continuously in tne 1o e
Doy OF Lne alsolav.
o SlouaTLon ToenocuLa .
‘ . ; o I BSIPR S eI S o
LD telG ., Naw L poLnts s oL
NS N DOy, w Dearing/distance ; ~
yine ading the o i soonts of interest of 1 otrne
Jiabh , cmer areas oi tareat, airwav gE

3
Doiated areas Of severe weather: earth terraln reatures:

. r o
’
4iroratt on vormation, and receiver aircraft for air refuelins

o T FO=TeChan aL s, Ssortion (Rer.s 395 o tne Fo-107
resentiy o innnan bend, does norn orovide tne [roxoibhilio
ol toe reeaired anformacion eftficiontiy and cfiec-

S e i el Sy, T Lo rani o alnpiay o capanie b displasinn

Coiit uoa e POrmats And Soerior ints rination 15 regulrea.

F1On ol bne J1rcrairtoIn reLir1omn o

I 1oL essential raat tne 05|
Soecitio sejectaa points be displayed to noth the pllot ana cona-

v :
Pot o at aill times in fidgnht.  The horlzontal sltuation inciadeds:




alrcrait pooit.Gn, L.oadlny, course, course deviation, drift
bearing, and dictance iniformation, all presented with the
accuracy necessary to accomplish a given flight maneuver profile.

The horizontal situation display (HSD) must provide the pilot:s
with the capability to selectively obtain any or all of the in-
formation listed above. It must be displayed in such a way that
the horizontal positvion of the aircraft relative to the earth
terrain features, navigation waypolnts, wea*her cells, formation
alrcraft and receiver aircratt, as appropriate, 1s accurate and
intuitively obvious to an approprlately trained pilot.

Yach pllot murs nave one capablllity to individually and indepen-
dently select the rollowlng for display on his HSD: Navigation
mode (e.g., individual sensor, computed/processed), format f(e.g.,
standard HSI, electron:c map) and special functions (e.g., radar
overlay, north-up or track-up, clutter, range/scale of the
displavy).

A color displav ig cxtremely deslrable for ease of interpreta-
tion. ~he HSI format on the [ISD should have the following
teatures: two bearln ers with tails, compass rose wici
luboer i1ne, heading <non, actual alphanumeric heaginc
readiout, course et XKnch, course-selected readout, faillure indi-
cations for the components and tne navigation source, and othor
standard HSI features (e.g., course deviation, To/From, DME,
alrcratt symbol, course arrow, neading markerj;. A COntinaou:s
reaaout of groundspeed and true airspeed 1s required on the HSI
format.

The HSD must be integrated witn the navigation management systen
and the flignt director. It must b ve *no capabliity to disrzav
information which nas been placed in the mission/navigation com-
puter in such a way that the pilots can accompliish the mission
scenario {(e.g., ilight pians placed into the navigation manage-

ment system snould be graphicelly displaved on the HSD). Thr
computer shoula have the capanility to provide displiay and roevicew
of the entire rlight plan within ceconds. No selected .ot

tion may take longer than one minute for display. One metnoad of
dicplaving requirea information on the HSD was deveioped for
purposes of ver:fying these criteria and 1s shown 1In Appendlx .

orma-

Wrilne come of the 1nformation shouid be integrated into & single
CLU dSDy for eacn nilot, some inrormation should he aiuplaved
Lepar ateiy (ﬁ.q., BRMT, BDHI;, to reduce clutter and proviae o
reaundent /back-ap cource of norizontal information.  To provide
Dearang and distance anformation additional to that djsplaVﬂd on
the 15D for normal operations and for purposec of redundancy,’
Dack-up during deqgraded mode operation, a BDHI should be in-
stalled on the pilot's and coplloo's flight instrument nancl.
The oilots should have tne capabliity to individuallvy ceiect thoe
source or navigatiorn sensor {rom wnich eacn of the hearing noin-
ters are receliving tneir sigoal.  Radar will bBe displaved on toe




asy o as a pllot colection.,  Tre radar imacgery will either overlay
the symbol generated flignt plan route (not HSI format) or will
ne displaved independently.  Displey modes will include (individ-
duily, not simultancousiy):  weatner, APN 69 beacon, surface ter-
rain, or 5xi1n paint. Only one dizplay mode is available to both
pilcts at a time. However, each pilot mav select different
ranges at the same time. Range selections will be 4, 12, 20,

10, 80, 160, 240 hNuutical Miles. Weather warning will be diz-
o2layed on HSD anvtime a severe weather cell 1s detected on

radar. Disnlay o1 radar will be sector scan or PPI as szelectec
by pilots using "track up” mode only.
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f Ce CONTROL xrQJIREMENTS
i

\ 1. GENERAL Controil 1o used in the broad contexXt w.inin
1 this document to 1nclude not onlv the manipulation O striCk anc
f rudder and other vhysical activities but the manipulation, con-

trol and direction of data processing and information flow amonc
tne displavys, computers and automation eauipmnn In a senve

then control 1z synonomous wich "Command. W1th’n this context
of complete and total control a dichotomy car be oetlnen (3% wWas
done in display) of long term (Mission) and short term (Veniclie,.

Control may be eflfectea by a vartiety of mechanisms {(e.g., om.c0x

’
wheel, rudder pedal, rotatinc knob, rotating multinle pouic.on
switch, toggle switches, sliding dev1ceu, puch khutton;. Carn

must be taxken in the selpctlon/de513n to insure that ecsthe-ic

considerations do no%t interrere with identification, locartion =ne
5 operation. Push .uttons must have sufficient "throw" nd acrorns
: 50 as to provide positive tactile [eedpack through giovieu.

1ng between adjacent devices musit accommodate 9% percenti.n oi-
1ot wearing gloves. The possinility of inadverient act

must be gearded agalnst. Toggie switches and rotary

must have sufficient movement ana detant action to prmv;a, i~
tive tactiie feedback. Symmetry of snape and position 1o -
3iraole. Stape coaing and position coding is nicnly drgd

for oositive identiiicucion. 11 spring loaded devices
accommoaate the wide rance or strength to be expected,

2. MIS5i0N. In misalion control, the crew 15 CONUTThewg Wit
actions, dec;51an£, cortrols in the context of elfliect or Lmpo
apon the ulutimate outcome of the mission. In this convtext tonen
it 13 those controls which are operative [or inng term ressonoe
which are ol concern. Ohviously the actucl manipuiation (o -,
Knohj will D€ QulicCk but tne effe cr LongG term (e.G., 0o
altitude neola and set a desired al Y. Nav.corion in cerneras

1S
1tu
ay

arr

G 1de
railz in this category (whiie ILS be cateqorizea as o Nav o ain
17 13 a2 short term conocideratinn and is d;scuosod unaer wWoernon
Sycten Concrol). Weather and "nreat are environmentali conaitlons
the effect of which 13 generally lonc term.

a. SPACE-TIME POSITIONING., The control. neocescary for
agetermining (and Crocs checking) space-time positioning ond oom-
paring witn +the plan should ne clustered and loceted In 3 primar:
reach zone,  Following arce the criteria:

(1 ATl sensors (or sensing svolems) aie PO aw
individaally and celectively controllable by erthior nilotr,

(2) Controls snouild he cateaorized more noar i
Wt oequrpment.
! AT rnat o Oy t ;1-
Ve sonnor, mOVe e gt 0 U DL ace LA e Samapsaatent o ana ter

move the data to one or Tore places tor disploa,
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d. HEADING. ‘me heading indication of tne aircraft must
pe selectable as to the use of magnetic nortn (for typical opera-
tion with navigation aids) or true north (for over water, hign
latitude, etc.). The seliection must control the ilnputs to all
heading indicators so that they present, simultaneously, true
north as a reference or magnetic north as a reference.

A redundant source for heading is availlable from the AHRS &nd two
INS systems. The source to be used must be 1lndependently cselec-
table by each pilot. If both AHRS and INS heading systems are in
use (i1.e. AHRS-pilot, INS-copilot) and true heading mode is
selected, the heading signals from the AHRS will be modified
(with INS information) to supply true heading signals to celected
displays. The heading reference of "magnetic" or "true" must be
clearly annunciated to both pilots.

e. WAYPOINTE. Waypoints to be stored in non-erasable
memory are: prestored nav aids, intersections or airfields.
Additional waypoints may be inserted by the crew into a memory
which they may later change or delete. Waypoints inserted by the
crew will have a computer assigned identifier (e.g., LL1, LL2).
These identifiers may be rtfurther expanded by the crew (by the
addition of words (e.g., LL1/COAST OUT, LL2/FIR, LL3/MARY). Way-
points may be inserted by the crew 1in terms of bearsing and Gizs-
cance from a waypoint already defined. In tnat event the bearing
and distance notation wiil be retained. All waypoints will be
defined by the computer in terms of longitude/latitude. The
tlight plan can be modifiea at any time to go directly from the
aircraft present position to any identified wavypoint. Waypoint
capacity will be a minimum of 50 waypoints, recallable or reuce-
able and non-volatile. However, a guarded erace feature will
erase an unwanted flight plan from memory. A typical flighr plan
wlill be programmed on a portable memory device at a locatior
remote from the aircraft (i.e. base operations). The programmed
fligat plan will be complete with desired waypoints, desired
altitudes, forecast winds, desireda TAS, weight and balance com-
putations, fuel place and TOLD computations. 'The programmed por-
table memory device (i.e. cassette or {loppv disc) will he car-
ried to the aircraft by the crew and insecrted into the mission
management computer memcry. Suabsequaentlv the crew may modify the
flight plan as desired, using the nav manacement system in the
aircratt. After a flight plan has been 7iown, a print-oct capa-
bility will provide the crew with a paper print-out of the actua.
flight plan as flown, complete with ATA, zltitudes and fuel log,
‘Ref. 61)

4. NAVIGATION. The pi.ot/machine interface for controllinc
tne niv,.gation sensors snould meet the feollowing criteria. 1t
snoula provide r1or:

. Some amount of redundancy in cvent of ravigaetion
management DU fatlure, .., 4 second COU and a dedicated NS
control headd,




.o Bone smoant ob roedondancy inoevent of
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SECTION V

TEST AND MEASUREMENT

Tests and measurements are the processes for acquiring data
which are descriptive of physical characteristics or provide
information on performance characteristics.

The data acquired can be compared to standards for determing
compliance or non-compliance with those standards.

For decision making purposes on complex systems, the greatest
weakness 1s that no laboratory test has been devised that takes
into account all significant factors and produces an output ade-
gquately descriptive of the total performance capability of the
system.

This section addresses the alternative, the use of batteries
of tests. These batteries of tests attempt to measure all of the
known factors which are significant to the determination of the
ultimate suitability of the system.

A. GENERAL. Test techniques can run the gamut from paper and
pencil tests on a simple component to a full blown flight test
program on a complete system. The general approach advocated is
one oif progressive screening pursued on two levels. On one
level, components and subsystems must be demonstrated to comply
with appropriate standards. On the other level the total system
must bhe demonstrated to satisfy the mission needs. Figure 12
illustrates the characteristics of progressive testing. As tests
become more sophisticated, the cost of the test and the time to
perform the test increase. While confidence in the results also
increases with the increased sophistication, the ability to re-
spond to design variations decreases and the speed of response
for examining problems decrease.
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FIGURE 13 Test Continuum

The testing sequence recommended is to use the more economical
techniques initially and, as these are satisfied, move on to the
more extensive procedures. All test data must be available to
the assessment teams.

B. PHYSICAL. The physical characteristics of the crew system
design should conform to well known and well documented human
engineering principles. Conformance to these should be ascer-
tained by examination and measurement during the development.
These include such factors as workspace layout, shape coding of
controls, spring force in switches, "Throw" of a switch, spacing
of graduations on a dial. It would be well to review these in
the final design. Undergraduate training in such degree fields
as Engineering Psychology, Human Engineering, and Industrial
Engineering should provide the basic skills necessary for review
in harmony with standard handbooks. More complex issues require
a specifically structured consideration, the most challenging of
which is lighting and its effects upon vision.
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Some of the physicai characteristics of the cockpit lend them-
selves to or are more appropriately considered in the Performance
Measurement (e.g., crew lngress/egress).

1. COMPONENTS. Reliance 1s placed upon contractor supplied
data. For each component or subsystem complete data is to be
supplied on 1ts physical and functional characteristics including
all data on tests performed to show compliance with the indivi-
dual equipment specifications. This must include size, weight,
powe:r requirements, radiation characteristics, vibrational
characteristics, temperature characteristics and human factors
characteristics,

2. WORKSPACE. Plots of Reach and Vision zones are to be
developed for the 5th, 50th and 95th percentile crew members on
accurately scaled drawings of the crew stations. The plots must
include a plan view and a forward looking view for the flight
deck and the crew member view for other work stations. 1Ingress/
egress 1s to be demonstrated by 5th and 95th percentile crew
members. Evaluation will be subjective.

3. CONTROL-DISPLAY LAYOUT. This is a physical measuremenc
of the placement of each control and each display element to
determine degree of compliance with any location data specified
in Section IV.

4, VISIBILITY. Plots are to be developeld of the vision
afrorded by the windows. The plots are to be in degrees with
respect to a longitudinal axis with origin at the eye reference
point (Ref. 17} (Ref. 13). These will be examined to determine
compliance with criteria specified in Section IV,

5. SEATING. (Ref. 14) Must be adjustable for ingress/
egress, including emergency egress, and adjustable for eye ref-
erence point, for required inside/outside references (to be made
intuitively obvious to the crew member); accommodate required
reach zones without readjustments; provide arm rests which accom-
modate cruise (straight and level) piloting tasks with or without
autopilot; be adjustable in four /4) axes (i.e. fore/aft, up/
down, side/side and back tilt); firm upper leg and back support
which enhances comfort and reduces inherent fatigque of long sit-
ting periods (i.e. 10~-15 hours); have resilient support with
materials that "breathe" as oppoysed to plastic like materials
which cause hot spots and perspiration; accommodate restraint
systems without discomfort; allow complete mobility for piloting
tasks including all probable flight maneuvers as well as permit-
ting full scan through all available viewing areas; enhance com-
munications hookup (i.e. seat involved "hung ups", pinched and
tangled head set cords); accommodate drinking cups; accommodate
a working/writing surface that will riot interfere with emergency
access to flight controls and will not interfere with any flight
control movement; accommodate special crew equipment (i.e.
parachutes, exposure suits, helmets, etc.).
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6. NOISE. This will be performed only with the simulation
and flight test equipment. Each piece of equipment in the crew
area is to be turned on (to its normal operating mode). Before
and after measurements with a soundmeter must show an increase of
no more than 5db of combined noise.

7. LIGHTING. For the lighting evaluation it is essential
that a Class A mockup be used (see page 86). All light sources
must be presented in a faithful representation of the production
design. The mockup is to be used in a room where all external
light sources can be controlled from total darkness up to a level
representative of high ambient sunlight. With ambient at total
darkness and subjects (examiners) in the pilot and copilot seats,
the lighting controls are to be cycled throughout the ranges and
combinations available. The subjects (examiners) are to scan for
reflections in the windows and windscreen which could be misin-
terpreted as stars, ground lights or other airborne vehicles.

All such reflections are to be identified and graphed for com-
parison with the criteria stated in Section IV. (See page 60,
paragraph 16)

With the ambient totally dark, the subjects (examiners) are to
adjust comfortable levels for the prime flight instruments and
for each of the additional controlled groups of lights. The sub-
jects (examiners) will scan for too bright or too dim indications
and for lighting color variations.

a. NIGHT LIGHTING. Activate selected caution, advisory and

warning signals during lighting inspection.

Requiring readout by the crew of selected display information
from an evaluation checklist assures that all subjects actuslly
attempt to read a representative cross section of the cockpit
information portrayed and do not simply assess information as too
bright or too dim. The inspection should also involve the iden-
tification and activation of controls and switches to evaluate
the adequacy of switch and panel lighting. Switches and controls
in locations not easily reached or observed are of particular
interest. Providing oral directions for setting switches and
controls with a follow up to verify the correct setting were
achieved would provide a test of the adequacy of this lighting.
The setting of communications frequencies and navigation data
requires reading night illuminated numeric displays and allows
evaluation of data I/0 using night lighted control devices.
Evaluation of other night lighted displays particularly of the
alphanumeric type and any associated control, mode, change, or
data entry functions would also be desirable as a means of draw-
ing attention to potential defects of design, layout, or function
under the night lighted condition. Assess crew performance in
achieving predetermined scenario settings.

When evaluating the effect of reflections from the windscreen,

windows, etc., small lighted real-world visual scenes could be
used external to the cockpit to act as a backdrop for evaluating
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the seriousness of reflections. Such scenes would have to be
moved to locations behind reflections a crew member considers
objectionable, By varying the luminance levels in the scene, be
it ground terrain, cities, airports or star fields and noting
when the crew member considers the reflection objectionable, a
relationship between real-world observation requirements and the
lighting mockup conditions could be established.

b. DAYLIGHT LIGHTING. Evaluation of daylight cockpit
lighting is appropriate for determining how shadows cast by the
cockpit structure influence the legibility of displayed informa-
tion and for assessing the problems encountered when the sun is
positioned so that it acts as a glare source reducing display
legibility. The design effectiveness of window shades, glare
shields, sun visors or any other light blocking devices present
in the cockpit should be evaluated. The question of legibility
arises primarily for light emitting displays such as signal
annunciator lights, CRTs, light emissive numeric or alphanumeric
readouts, but should also be evaluated if controllable light
reflecting displays are present due to the potential deagrading
influence of shadows or the sun as a glare source. Clearly these
displays would have to, as a minimum, present test information
tormats that can be changed as a function of time to assess the
crews ability to correctly read them and to provide realistic
crew comments on their subjective legibility and the adequacy of
the high end of the luminance setting range.

The glare source used to replicate the sun could be several times
the size of the sun, but would have to provide light collimated
to simulate a distant light source to enable an adequate eval-
uation of the shadows and possible reflections it would produce
from cockpit surfaces including those of the windows and wind-
screen. This is also necessary to adequately simulate the effect
of the sun as a glare source in making display readings difficult.

Sources having translucent surfaces illuminated to 10,000fL and
placed adjacent to the windows of the cockpit would adequately
represent the 10,000fL diffuse surround luminance condition
experienced in mist, haze, and near or in clouds.

8. STATIC REVIEW. The crew station(s) will be inspected by
a team of specialists assembled for this purpose. This review is
for the purpose of ascertaining compliance with the provisions of
the AFSC Design Handbook DH 2-2 (Ref. 17) and for <oliciting the
judgmental expertise assembled in the Review Team. The actual
review is to be preceeded by a briefing on the design rationale.
All comments/observations of the Design Review Team should be
submitted in writing.

C. PERFORMANCE MEASUREMENT. The "proof of the pudding" is fly-
ing the real thing in a real operation. Performance measurement
is to view the proposed cockpit and crew station design in the
same context as "proof of pudding" tests. Three major stages are
employed -~ MOCKUP, SIMULATION AND FLIGHT TEST. Each, within the
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limits of cost and capability of the stage, is to be a complete
representation of employment of the sycstem in a realistic manner.
These three stages differ in degree of realism (fidelity of simu-
lation) and in cost, proceeding from the gross (but cheap) Mockup
throigh the more realistic (but more costly) Simulation and
Flight Test.

In each, the concern is tor determination (prediction) of the
effectiveness of the entire complex of crew and equipment when
applied against the mission problem. The measurements are
intended to indicate the areas of weakness or deficiency and to
give some values for use in redesign.

The three stages are seguenced in time. The Mockup occurs first
and serves as a check upon proposed concepts prior to committing
extensive funding to equipment development and fabrication. The
Simulation stage is based upon the Mockup experience and is pur-
sued at a later stage in the system development when data is
available on the expected hardware performance and vehicle dy-
namics. The higher degree of realism in simulation testing pro-
vides refined data on performance expectations, pin points weak
spots and provides a higher confidence level in the decision to
progress to the more expensive realism of flight testing. The
Flight Test stayge can be pursued in a flight test vehicle such as
the Total In-Flight Simulator (TIFS) or in a prototype of the
actual vehicle. With the authenticity of actual equipment oper-
ating in the airborne environment and exercised against the de-
sign scenario, the highest degree of realism is achieved short of
appiving actual production systems in real world situations. The
degree of confidence in the design and in decisions to proceed
with production are of the highest caliber when supported by
Flight Test.

1. DYNAMIC REVIEW. A mockup of a proposed design provides
the earliest opportunity to view the potential solution in a sys-
tem context. Gross inadequacies of placement and relationships
are easily discernable. 1Initial judgment can be made as to the
suitability of the design when considered for mission applica-
tion. It provides an opportunity to screen out gross weakness
at a relatively low ccst and prior to committment of expensive
fabrication of prototype equipment.

This test develops the time dimension of the mission and examines
features of the crew interface within and external to the vehi-
cle. Prime method is through role playing by subject rrews and
experimenters. Using sorties extracted from the Design Scenario,
{to produce an Evaluation Scenario) £flight crews are to engage in
a role playing simulation of the sortie, sequencing through pre-
flight, the sortie "flight", post flight debriefing, post flight
questionnaires and post flight interviews. The scenario to be
employed in the Dynamic Review encompasses all types of mission
tasks, meteorological conditions, SKE (station keeping) forma-
tions, instrument approaches, and hostile environmental condi-
tions which the tanker would be expected to encounter. It also
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includes muiti~-tanker as well as single~tanker sorties. The sce-
nario is divided into three sorties. It is described in detail
in Appendix A. Measurement is based primarily upon observations
by the experimenters, the use of questionnaires, and interview by
the experimenters. The crew activities are recorded on video
tape and all verbal communication is tape recorded for subsequent
review by the experimenters. Preliminary assessment of workload
is accomplished by means of having the crew perform time estima-
tions as secondary tasks while flying the mission.

a. PROCEDURE. Each of the subject crews are to receive
identical treatment starting with the Initial Briefing and pro-
ceeding through Ground School, Preflight, Flight, Postflight and
Interview.

Initial Briefing. There is a need to explain the role playing
concept, the limitations of the mockup in simulating the problem,
the general objectives of the experiment, an overview of the
agenda, expectations of the subjects and convey an appreciation
for the place and value of this test in the context of the total
program.

Ground School. The purpose of ground school is to acquaint the
crew with the function and operation of the equipment which they
will encounter in the crew stations. They are to be given dia-
grams showing the layout and position of every display and con-
trol. A specific briefing is to be given on each device which
is new or which differs from that with which they are familiar.
Information sheets and diagrams are to be provided for each of
these devices.

The crew is informed that the only way it can reasonably evaluate
each design is for each person to project themselves totally into
the mission. This entails imagining that they are involved in an
actual mission. They must respond to and make necessary communi-
cations, twist knobs, flip switches, monitor instruments, manipu-
late the controls and in general act and conduct themselves as if
they were really flying a mission. Substantial contribution on
their part is necessary since there is no functioning simulation
of instruments or controls, other than a functional communication
system.

Preflight. This should be conducted by an experimenter who is
thoroughly familiar with such real life events and should appro-
ximate the realism of preflight briefings normally used in an
operational squadron. The particular sortie to be flown is one
of the legs from the Design Scenario (Appendix A). The selection
of sorties for the crews and the sequencing should be a balanced
experimental design as in Table 1.

Flight. The crew enters the mockup and proceeds through all nor-
mal checklists, procedures and communications for flying the sor-
tie. Although switches, knobs, etc., may not function the crew
member must touch and simulate operation in order to evaluate
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system control requirement and control placement/location. This
process of evaluation enhances subject participation in role
playing which in turn allows subjects to evaluate the validity of
the mission scenario. Experimenters are to perform role playing
functions for tower, command center, other aircraft and other
radios in their respective role playing capacities.

Time durations should conform to the mission plan. An experi-

menter /observer 1is to be in the cab during this flight for the

purpose of administering timing tasks to the crew members, for

assessing workload and for general observation. A time estima-
tion technique is used for one indication of workload (Ref. 45)
(Ref. 46). This is initiated by the experimenter in the cab at
the times indicated in the scenario. The experimenter also is

to use the Experimenters Workload Assessment Form (Appendix D)

during the Flight.

Postflight. This is the concluding episode for role playing pur-
poses and is a transition into a questionnaire phase. Each crew
member is to fill out a questionnaire (shown in Appendix B).

Interview. Each crew member is to be interviewed to elicit com-
ments, criticisms, suggestions and other responses with regard to
his personal assessment of the mission, the tasks, working rela-
tionships, crew duties, workload, errors, cautions, concerns,
crew system design concepts and the experimental procedure.

b. SUBJECTS. The subjects for this test must be several
complete crews from operational squadrons of SAC who are cur-
rently assigned to the KC-135 aircraft. A minimum of three
crews and preferably nine crews must be used representing low,
medium and high experience levels.

c. EXPERIMENTER'S SCRIPT. The Experimenter's Script
(see glossary) is used by the experimenters to "drive" the
experiment and to assure that all data crews are exposed to the
same mission situations and time constraints. In actual prac-
tice, the experiments must also respond knowledgeably to com-
munications initiated by the aircrew. Thus the experimenter (s)
must be intimately familiar with communication within the
aircraft environment and with the mission to be flown. In addi-
tion to the "words" to drive the experiment, staging for each
particular experiment appears with the script along the time line
(e.g., initiate engine failure, make radar blip appear, radio
transmitter weak and scratchy, monitor information being placed
into the nav management system). While the script words remain
the same for each system evaluated, the staging will change
according to the peculiarities of the system. The Experimenter's
Script is included as Appendix C.

d. SUMMATION. For each group of crews on location for
the test, the final activity is a group meceting with the experi-
menters. Open discussion {questions, comments) is to be devel-
oped for the exchange of views. The resolving of uncertainties
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TABLE 1 i

SUBJECT SCHEDULING

t::r?lger Run Leg Run Leg Run Leg
1 1 1 3 3 2 2
2 2 3 1 2 3 1
3 3 2 2 1 1 3
4 1 1 3 3 2 2
S 2 3 1 2 3 1
6 3 2 2 1 1 3
7 1 1 3 3 2 2
8 2 3 i 2 3 1
9 3 2 2 1 1 3
2y
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and tor the final summation of each crew member's opinion. Euach
crew member is to fill out eight questionnaire sheets (Appendix
E) summarizing his overall reaction to the proposed design.

D. EQUIPMENT. Test techniques can run the gamut from paper and ]
pencil tests and interviews to full blown flight test programs. i
Consequently the equipment to be employed could encompass vir-

tually every xnown measuring device. In the discussion of equip-

ment, only the unique and highly specialized needs will be

addressed.

1. MOCKUPS. A full scale mockup of the crew areas is a
prime requirement for early viewing of interactive factors of
the design concept. As the design process progresses more
detailed examinations can be effected but the demands upon the 4
accuracy, fidelity and completeness of the mockup change.
Consequently three categories of mockups are defined to provide
for these differing requirements. These are defined as follows:

Class A - The highest degree of accuracy and fidelity is embodied
in this class. All dimensions are accurate to + 0.1". The wind-
screen, windows, canopies or other transparencies are either the
actual final design or are fabricated of the actual material to

the actual dimensions. They must have the identical characteris- ’
tics of *ransmission, reflection and distortion. All control or
input elements movable in the final design must have the movement
faitnfully represented (control wheel, rudder pedals, switches,
knobs, levers, etc.).

Surface texture, reflectance, color must accurately refliect the
intended production characteristics. The total lighting system
must be included to permit the full spectrum of capabilities 4c
be demonstrated. The communicacions system, as perceived bv the
crew, must pe a faithful representation of the final design. In
so far as is practicable the actual equipment 1is to be used {e.q.
seats, charts, throttles, rudder pedals, etc.).

The crew station must bc complete with walls and closures so as
to permit control of ambient light and sound.

Class B - A medium degree of fidelity 1s considered appropriate.
Structural dimensions should be accurate to + 0.5" and component
placement accurate to + 0.25". The communications system must
simulate correctly the operational concept. Windows and canooy
structure should be represented but substitute materials may be
used. Three dimensional aspects of control devices and display
devices should be represented by any suitable medium. Instrument
faces and placards may be drawings or pictures.

Class C - The simplest with the minimum degree of fidelity s
generally approximations of structure and surfaces with inexpen-
sive material. The mocxkup may be fabricated of inexpensive
material (e.g., foam core, cardboard, plywood). All surfaces,
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Wwindows, tarnisinlng, consoies, controls, <display panels, instru-
ment s whicn are to be used or viewed by the crew are to be repre-
sonted. Plctorial fe.g., onoto Ctat, picuture, line drawlng)
leplresentation of instrenents, plracards, Knobs, switches, annun-
clarors wilil sutftice. Control wneelis, stlcks, throttles, pedals
mist pe represented in tneir true three dimensional configura-
tions. Overall compartment dimension:z and the location and sizes
21 windows, surraces, doors, furnisihilngg must be accurate to +

L. 1nca. Control devices {swlichesn, <nobI, ¢tc.) instruments,
Dlacdards Lust e daiaensior gccurace n area coveiage ana
oot 1ten to + 1/4 incn. A

U

3

T
addl

N
+ The commuanication systems must be func-
tisnally simulared (i.e., the intercom must operate and radio
omnanicatlion must be faithtully simulated to the crew ny use of
rale nlaylng pocitions external to the mockup). External to the
mockur cthere must be provision for role playing experimenters
representing commurication stations as tower, command center,
otner aircratt, etc.

Z. SIMULATOR. rull mission simulation 1s a goal. Full
SCale reprosentatlon of the crew areas and eguipment 1s neces-
Sary.  This could be accomplished by upgrading of the mockup if
saitable Dasic design wna construction has been empioyed. Geo-
B reiations and structurai dimensions must be accurate to

Aroegulpmen
. : .

L1Tnts, 20E

{tnaicators, switcnes, controls, annunciators,

* oe functionai as perceived by the
W terna. oneration oI the subsystems can be through simu-
Latidn (as opposed to coupling in operational equiodment). Simu-
tatiorn of real worid visual ch racteristics is necessary; motion
»r Y€ can 18 not necessary. The equations of motion are to be
Lanse odredicteda for the venicle (or the actual equations if the
venlole exists).

L. WORKLIAD. A
Gl There 1S a ne

ed

S aogr aded because th
r

as

major concern 1S the demands made upon the
to know 17 theilr mission performance will
ere 1s maere to do than thev can handle.
vYrere 13 4130 a concern for emergency conditions. If degraded
mofie causes an increasc 1n work.oad beyond their capability to
~2spond, the results could be catastrophlc. Direct measurement
1 not a viable option (a state of the art limitation at this
time) . The atternatives to be employed are: the use of ques-
~ionnalres {for subjectlve data; the observation by the experimen-
ters and the use of secondary tasks for indirect measurement.

Tne LsZe oba secondary tasx 1S based upon the cconcept that an
increase 1n the mental effort required to perform the primary

Lask will produce a decrement 1n performance on the secondary

task but no decrement in performance of the primary task (flying
tue mission) . 'The secondary task is designed to permit measure-
mont of performance and to be as non-intrusive as possible,
beteriorating performance on the secondary task 1s an indication
that the orimary task is gemandilina more attention. The sccondary
task which is to be used 15 a Time Estimation technique (Ref. 46).
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The time ©5tination procedurss sro as follows:  ne coox
{inside) exveriment urn oon an acditory tore and
red indlcator 11gnt which Slgnals each pilot to hea.r oo
They do tnis 8y Drescing & rosponse ey, and termis
estimates by Dressing tne Xey a second time. Tne :
is only & momentary signal to augnent the flashing roa L
witlch remains functioning until <he timing ta

the subject crew member. The pilot's response

cated on tne left nand side of tne voke;
be iocated on the right nand side of the
start and stop thelr respective reaction
inside exoorlmeﬂter'“ station. The exper i
pilot's and copilot's estimate and reset th
trial.

b, QU?STIONNAIRE. Stress tolerance (Or woOrs< <&
1 quite variable throughout the population. One rezion
selections of crews with a gamut of experience, and for
mers on the scale 13 to provide an adequate sample of th
Of stress tolierance to be expected in the operational er
ment. Each person can, to some decree, provide informati
tne degree of stress ne experlenced and 1ts relationshi
maximum tolerance. Questionnaires are uscd to ellcit t
mation. The confidence level tc be placed upon these i3
relatable to the sophistication of the experiment. With
fidellty mockup that data is indicative, while inflicht
experlience 15 highly credible.

mach crew member 15 Yo be glven a guestionnaire ([(Appendl
following each ":fiight". The same questionnaire 1is to o]
for Mockup, Simulation and Fiight Test.

c. OBSERVATION. In the realm of subjective eva
is the observation of crew behavior by the experimenters
background experience and training ot the experimenters

basis for credibility 1n their judgment of degree of stre

cxperienced and the factors which precipitate overload
observations have higher objective credibility than t
ascessment of a crew member. They are hased chiefly on
behavior and cannot include any of the internalized fact

included in self assessment.

o]

hach oxperimenter 1s to be given 3 questionnaire (Append
cach "tlight", The same questionnaire is to be used for
Simulation and Flight Test. FExperimenter should kev in
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SpCTINON Vi

ASSESSMEN'

Arsesumaent 1o the estimating or judglng of character and val-
we.  Validsetion 15 otficial sanction, confirmation or approval.

ot ecrion aaaresses the process by which assessment is
nd valication established.

o
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e suitaclilty anc acceptability of a spe-
n cannot pe done oy some simple, direct

of tests are used to determine compliance
witn expLLc1LL criteria, standards or specifications.,
Trheyv eliclt data abd characteristics and performance. Although :
they may be extensive, comprehensive and expensive, they are not
he final word. Decisions must lavolve human judgment.
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all sigficant variables have

13 a high probabl
a i measured.
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identified, char 1zed an
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i U,ch“lﬁutlon ol tne Yes/No question 1s, as always, a
<. i3 tne role of management to effect the judgment
1s a roi¢ of researchers, deve.opers and scientists to
>diole cata and confidence through testing programs and
oceaures to augment the incompieteness or inadegquacies
of testing programs. Section VI addresses these procedures.
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Tests ar2 methods {or measurinc specitic character-
¢s. When used with criteria or standards (i.e., specifica-
5 : ovide a screening process for identifying unaccept-
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features. However, there 1s no assurance, when applying a
ery of tests, that svery significant variable has been iden-

1 and measureda, LTod SYstom as complexX as crew 3ystems you

i
Zdan o€ sUre Ltnat thilis 1s the case.
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A odesi:able alternative to the individual measurements 1s one,

21l encompassing tecnnigue, a measurement protocol that will con-

molidate all variacles, <nown and unknown. No such meter or

qauge oxlists. The only "all encompassing" evaluation 1s that

providea by the operators while performing the actual missions.

Pilotoc/crew can be viewed ac an ultimate measuring device for

periormance,  They experience ali of the meaningful variables

(known and unknown; and in proper context during the mission. |

There are several difficulties in getting and correlating the
judaments of the crews which can be compared to the problems
of callbrating and reading an instrument. The Cooper-Harper
rating scale, whicn 1Is well known through the aero industry is
an approach to this problem for purposes of judging handling
gualitiec. 1t permits the organizing and collating of many
opinions 1in a semi-quantitative manner. It permits arbitrary
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judgment by an indilvidual but provides a standardized descrintive
scale to aid in conveying an appreciation of the depth or degree
or intensity of his thoughts. It capitalizes upon the experience
level ot the individual.

Assessment should take into account the reams of measured data
and the subjective opinions of the participating crews and should
do so according to a process which permits replication and
assures credibility.

Consideration in an overall assessment must be given to the hard-
ware/physical properties, which are not responsive to crew judg-
ment, as well as to the performance properties. For example:
Survivability 1s dependent upon having the right information

and control capabilities, a performance property. It is also
dependent upon having reliable equipment, a physical property.

B. ASSESSMENT. A conclusion about the suitability of a crew
svstem design for this venicle must include consideration of many
factors. fThese include Mission Pertiormance, Degraded Mode Per-
formance, Eftriciency, Eftectiveness, Survivability, Reliability,
Durability, Maintenance, Producability, Cost Effectiveness,
Training, Maintainability,

These tfa can oo groupec 1into Performance Assessment and
Paysical AssesIiment.  .n both instances the opbjective is to use a
systematic process 'or acqulring and merging the judgments of the
Evaluation Teams.

1.  PLERFORMANCL. Performance assessment is accomplished by

WO groups of 1ndiviauals, the subject crews and the experimen-
ters. Both 1re specifically concerned and deeply involved ‘n
pertformance of the system but they have vastly different back-
Ggroundas and expertise which can greatly enrich the assessment
process. 'The crew subjects represent a cross section of the
operational community who will be using the vehicle. The experi-
menters have a breadth of experience across many missions and
programs.

Thi assessment 1@ to be accomplished for the Mockup Reviews, the
Simulator Test and the Flight Test. Each subject crew member is
to provide a per.sonal assessment in each of four areas - MISSION
CFPECTIVENESS, WORKLOAD, EMERGENCY, CREW ACCOMMODATION. The
Mission area is further divided into five specific portions -~
TAKEOFF, ENROUTE, REFUELING, CARGO DELIVERY AND LANDING.

‘The subject crew member's assessment 1s his final contribution in
the routine of the test. Each subject should have the opportu-
nity to "digest" the experience, participate in post experiment
debriefings, interviews and discussions as an aide to formulating
his individual reactions. Each subject is to present his assess-
ments, no later than two days after his participation, using the
Per formance Assessment Forms (Appendix E).
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The cxperimenters assessment 1o to be uccompliched only after all
subjects have been run and the experiment concluded. It 1is to
reflect their individual judaments bhased upon their experience
and thelr opservations during the experiment. The same forms
(Appendix E) are to be used.

2. PHYSICAL. Physical assessment is to be accomplished by a
team of specialists to be designated for this task. This team
must include one representative for each of the following areas:
Loglstics, Mailnterance, Avionics, Training, Flight Control,
Behavioral Science, Life Support, Lighting, Electronic Warfare,
Computer Science, Control/Display.

This team will require a substantial amount of time and support

in order to render a credible judgment. They must be: briefed

on the equipment design and the rationale for the design; providea
data on tests performed to determine compliance; and provided the
opportunity to examine the equipment.

A preliminary assessment 1is to be accomplished at the time of
the Simulation experiment and an assessment is to be correlated
with the Flight Test program and as soon after finalization of
eguipment as possible.

rach member of the team 1s to render an assessment, using the
Physical Assessment Forms (Appendix F).

C. RATINGS.

1. GENERAL. Any evidence of conflict in crew activities
(competition for a control head, incompatible commands or control
actions) is a basis for immediate disqualification of the design.
This is a condition 1 (RED) rating. (Testing may not progress to
levels two or three until the deficiency is corrected.) Any
errors in any crewman's performance which could precipitate an
accident or failure of the mission is also a condition 1 failure.
Any portion of the tlight which shows high workload on a crewman
while simultaneously permitting a low workload on any other crew
member 1s a condition 2 (AMBER) rating.

2. PERFORMANCE. Judgments have been made by each crew
member and by experimenters on the system during various tasks
and flight phases. These judgments have been recorded on Per-
formance Assessment Forms (Appendix E) which provide a numerical
value for the judgment made. These numerical values provide for
the statistical summation of the collective judgments. A mean
value of 1, 2, or 3 must be considered a Condition 1 (RED)
rating. A mean value of 4, 5, 6, or 7 must be considered a
Condition 2 (AMBER) rating. Mean values of 8, 9, or 10 can be
considered a Condition 3 (GREEN) rating.

3. PHYSICAL. Judgments have been made by each team member

on one or more areas of concern. These judgments have been
recorded on Physical Assessment Forms (Appendix F) which provide
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a numerical value for the judgment made. These numerical values
provide for the statistical examination of the collective judg-
ments. The mean value is the basis for establishing a rating. A
mean value of 1, 2, or 3 must be considered a Condition 1 (RED)
rating. A mean value of 4, 5, 6, or 7 must be considered a
Condition 2 (AMBER) rating. A mean value of 8, 9, or 10 may be
considered a Condition 3 (GREEN) rating.
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APPENDIX A

DESIGN SCENARIO

An overview of the design scenario is depicted in Figure A-1,

"Ribbon-in-the-Sky".
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LORING T0O U.K. FIGHTER DEPLOYMENT SUPPORT
(LEG 1)

The 3905 Strategilc Aerial Refucling Wing, Loring AFB has been
alerted for a Coronet mission to support an increased readiness
posture in Europe. A deployment {rag is dispatched which directs
a five ship tanker force from Loring AFB to support an A-7 unit
deployment from McGuire AFB to RAF Wittering. Proposed launch
time is 110072 which is three hours from now. The mission is
identified as Coronet Eagle.

Fagle Tanker crews attend the deployment mission briefing which
covers crew and aircraft assignment, spares, fuel loads (160,000
pounds), parking spots, navigation routing, procedures f{or mar-
shalling, departure, formation, join-up, cruise, rendezvous, re-
fueling, and recovery. Status of tanker force is identified as
pretlighted, but not cocked. Airborne command post {(call sign,
Head Dancer), Duckbuttl, weather and alternate recovery proce-
dures are also detailed. An intelligence briefing outlining the
Furopean political instability and prognosis of deterioration
completes tile mission briefing. Eagle crews receive mission
kits, obtain a time hack and disburse to complete individual nav
planning and pre-departure tasks. The following scenario des-
cribes the activities of the crew in the #2 ship (call signr, Esso
2) of the five ship cell (Esso Lead through 5) who are supporting
the Coronet Eagle deployment of 12 A-7 receivers (call sign,
Hotel Sierra 1-12}. Esso Lead and 2 will deploy to Mildenhall,
while the other three tankers return to Loring after offloading
tuel to the receivers.

Prior to departing the briefing area, Esso Lead pilot conducts a
pre-mission bdriefing with other cell aircrews covering communi-
cations, taxi, takeofft, climb, level off, join-up, formation
racricsa, offloads, and ARCTs - #1) 12007, #2) 15132, #31) 17040,
£.3) 16452, Weather and emergency procedures are also covesod.

The boom operator acparts to coordinate tor i1nflight meals whiie
the pilots review and complete flight planning forms, charta ana
maps. Subsequentiy, the crew of Esso 2 loads all requirea oquip-
ment on the crew bus and departs base ops at 09357, At 09407,
the Coronet tanker crews arrive at their respective aircratt tor
pretlight and tinal crew brietings. Taxl out is routine. Hs=o 2
cxperiences witer failure on takeoff, aborts, returns to the ham-
merhead to check the system, resets cilrcult breaker and completes
satistactory check out.

The remainder of the formation departs on schedule and Esso =
departs 15 minutes behind the leader. A routine IMC departure

LA C-1350 that flies the North Atlantic carrying rescue/survivil
equinmoent.,
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is made with weatnher at 200' ana 1/2 mile. After ailrborne a
change of tlight plan is requested to shorten the route so a:

to rendezvous with the tinker cell over the ARCP at Halifax (Yvh:.}
at 115272 prior to the scheduled rendezvous with the receiver:.
buring level otft at FL290 the aileron axis of the autopilot i1u:ils
and cannot be revived. Due to their late departure, Esso 2 50ins
the cell in the Esso 5 position and assumes the call sign otf inso
5. During tanker join-up at Halifax, Esso 5 experiences a goner-
ator failure which is resolved. During A/R #1, Esso Lead and 5
refueling systems are checked by providing a token offload.

After the non-deploying tankers have twice refueled the fighters,
they return to Loring and Esso 5 moves into the #2 position.

isso Lead's radar becomes inoperative so Esso 2 assumes respon-
sibllity for formation station-keeping and weather avoidance
through an extended area where numerous diversions around weather
cells are required. At 30° West, halfway across the Atlantic, a
third A/R is accomplished except for Hotel Sierra 12. After
several unsuccessiul attempts to refuel and tow, Hotel Sierra 12,
accompanied by Hotel Sierra 11, heads for the closest landfali/
alrport - Shannon, Ireland with a projected flame out 40 miles
short of the airfield. Esso 2 coordinates *he problem with Head
Dancer and Air Rescue Service and proceeds with the remainder of
the Coronet FEagle contingent to the U.K. The fighters top off
near Lands End and subsequently break away from the tanker cell
to recover at RAF Wittering. The disabled receiver and escort
are assisted to Shannon by Head Dancer and Duckbutt. Esso 2
accomplished a minimum weather recovery at RAF Mildenhall at
18207.
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Mol L SN AL PN MISE LU

(LG 2)

SoMlsdennall, the KC=139 Ccrew es ool
Gl NOW 0N aiorc ln othe alert racs ity
.mminent. The following 13 a nlssion oo -
Caii s1gn Filip 66. 7The mission Kit sonw!
LS Ll1rCcralt s nomzer Uoin oa two snhip cell of KO=-135s. 0 T
TAMQOLL Wll. [k IOGR RAL 1“ueqiu¢; CO 3 renaezvous wiin Tw
Bl COoTIny “_v o rron tne United States. The rendcezvo..
OIS LN Latitude area at N73+ 00" w001+ OO'.  Tros e
will e Q000
: Jhe rael o ofllosa wiir e 130,000 pounds per eacs KC-137 wiol oo
_ “ecoverv Ln o rorthern Norwav. The leaa KC-135, Filip 61, wi.. ¢
} responsliole tor the navigation and communication enroute.  Filic
6uv will LolLow in rermation and malntain nis relative posit.orn
{statien <eeping) rom tie lead aircraft. The crew will :;v;;;;e
and monitor commq“;cations as a backup. The crew has aiea tne

STJ
mission and completed the necessary flignht planning. The a.r-
cratft 13 cocked. Tne proposed tiight »lan and the aircr 3
neading and relative position on the alert pad nave Deern
in the navigation svstem; however, the INS gyros are not

A5 2n overview to this portion of the mission scenaric, =csnili-
tles ave hroxken out between Communist block countries and
iriendly nations. As a result. the SAC alert force has launched
ard is proceeding toward target areas. The two ship cell orf
KC-135s depart RAF Mildenhall at 2200Z, nighttime, witnh & 3,000

toot ceiling and 7 nautical miles visibility. They climb
L290 and FL29S respectively, and proceed in IMC condiriors @
normal navigation and station keeping procedurcs direct o ar
overwater, nhlgn latictude rendezvous with their two B-52¢ rere.v-
ors. Approximately four nundred miles prior to the ARCP, o9

b
i1
)

1
lead KC-135 experiences an uncontrollable engine fire. Tnars
alrcralt leaves the formation and sets course toward an encrgend
recovery nasce, wnile Fiilp 60 proceeds. Wwnen aoo=oacri:c T
ARCE, several severe thunderstorms wilth tops estimated at o
SLaU0 are detected in the planned refceling track by filin A4 ara
the two B-52 recelvers, Bozo 21 and Bozo 24. A new refuaelind
“rack ciear of the thunderstorms i1s plotted and coordinated o=
“ween aircraft. Authentications are completed and a divers: oo
i made to the new retfueliing track. A point para.lel renaczvols
15 completed. Filip 66 refuels both Bozo 21 and 24, since o
»tier tanker was not available. Filip 66, with oniy emecrgenc

tuel, recovers at the nearest airfield, Bodo. Norway. urnuhd
navigation aids have been shut down or jammed SO an alroornc
radar approach (ARA) is made with only enough fuel tor Ou@
approach. The weather at Bodo is a 400 foot ceiling and no-
tical mile visibiiity in nighttime conditions. This leg o: t=oe
misslion 1s further complicated by a stabilizer trim failare on
aeparture, the tankers rendezvous beacon being 1noperative, "mose
and tfumes from the alr conditioning system beinc detectes curing
tne aerial refueling of the B-52s and two engines flamina oo
trom {uel starvation on final approach prior to a succesatus
recovery at Bodo, Norway.
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BODO CONTINGENCY MISSION
{LEG 3)

“ne KC-125 nas been towea oftf the taxiwav at Bodo, malantenance
discrepancies have been corrected, and 1t has been refueled with
120,000 pounds or fuel. A thru-flight inspection has been per-
formed by the crew chief. The pilots proceeded to operations
where they contacted their operation center through NATO lanc
line commurications. They reported Filip 61's emergency, his
ankrnown disposition and the amount of fuel offloaded to each of
Bozo 21 and 24. They were directed by their operation center to
relauncn as Lead in a two ship cell with Taco 33, another KC-13%
witich recovered at Bodo. Taco 33 has an ilnoperative navigation
nanagement system, but an operable radar. They are to proceed to
an anchor point over the Baltic Sea at N58°40", E19°4(0" to refuel
murtiple flights of fighters striking targets in Western Eurasia.
The air refueling control time (ARCT) is 0845Z. The tankers'
aititudes 1n the anchor will be FL290 and FL300. The receivers
will be authenticated and vectored by GCI Control. Filip 66 and
Taco 33 are to remain in the refueling track until they have only
enougnh fuel remaining to safely recover at Aalborg Royal Danish
Air Force Base, Denmark.

The crew obtalns an intelligence briefing from NATO Ops. NATO is
involved in a limited hostilities with the Soviet block nations.
Aircraft are operating on tactical clearances without air traffic
control clearances. Some control towers and military radars are
operating. Most navigation aids are operational and jamming and
interference is taxing place on all communication radios. Nu-
cliear detonations are possible. Crew are advised to wear gold
goggles. Enemy fighter aircraft have been reported infringing
upon free ailrspace from both ground bases and aircraft carriers.

Mission and crew briefings are completed. The crev inserts tne
proposed riight plan into the nav management system. The INS
systems are aligned prior to taxiing. As Lead, Filip 66 makes a
two ship, day, IMC departure with ceiling at 400 feet and visi-
bility at 1 mile. The aircraft climb to FL290 and FL295 respec-
tively, and proceed to the anchor point, where the pattern is
estabhlished prior to the control time. Taco 33 climbs to FL3GC
Knroute to the ARCP, an electrical system malfunction occurs an
subsequently the pilot's nav management system control/displav
unit (CDU) becomes inoperative, requiring all further navigation
interface to be conducted through the copilot's CDU. GCI
asslistance is not available until after the aircraft are in the
anchor.

Qe

GCI vectors numerous F-15, F-16, A-7, and F-4 aircraft, forma-
t1ons and single ships, in for refueling from both tankers.
r'ighters are both inbound to and outbound from target areas.
Some are required to hold out while others are on the tanker.
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Some are extremely low on fuel, requiring coordination of prior-
ity treatment. 1In one case Filip 66 is required to cut short the
anchor and proceed toward a point away from the anchor pattern
closer to an emergency fuel fighter. The pattern is also compli-
cated by several weather cells which must be circumnavigated
along one side of the anchor.

After approximately 1 1/2 hours in the pattern, enemy fighters
attack the refueling formation. A nuclear device is detonated
and Filip 66 is subject to an electro-magnetic pulse (EMP). The
loss of all non-hardened avionics systems ensues, leaving Filip
66 without communications and with only limited flight instru-
ments and navigational capability. Most electrically operated
controls and indicators are inoperative. The boom operator, in
the boom pod without his goggles, is blinded by the flash. Filip
66, unable to see or communicate with Taco 33, turns southwest-
ward and descends to FL140 to maintain terrain clearance. He
continues to dead reckon to a position believed to be over the
North Sea just west of Denmark and makes a slow spiraling descent
to VMC conditions over the water. He then turns northeast and
proceeds until landfall on the northwest coast of Denmark. Using
dead reckoning he proceeds visually to Aalborg Royal Danish Air
Force Base. A visual approach is made to Aalborg with the ceil-
ing at 1,100 feet and the visibillty at 3 mlles. The landing
gear and wing flaps are extended manually and a successful
landing concludes this portion of the mission.
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APPENDIX B

QUESTIONNAIRE FOR CREW REACTION
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CREW REACTION

WORKLOAD

Crew Position

Crew Number

Mission Segment:
Deployment /EWO/Contingency
AP lst Half/AP lst Half
BON/COF/POF
N/U/UPS

For the previous mission segment, mark on the scale the position

which best reflects your judgment

each of the following topics.

of the workload tfor you for

Medium None
1. TAKE OFF | | ! 1 | 1 y | v
0 5 10

2. DEPARTURE i ! I 1 S | 1 ] i 1
0 S 10
3. CLIMB i 1 y ! | ! ' ) L
0 5 TC
4. CRUISE L ! ! 1 1 l ! ( 1 i j
¢ 5 10

5. AERIAL
REFUELING L ! ! ! | ! ] ‘ C
0 5 10
6. DESCENT I S S SR R
0 5 G
7. APPROACH AND

LANDING l ! ! | ! J 1 | ! . J
0 5 0
8. NAVIGATION | ! ! S | ! ! S
0 g 70
9. COMMUNICATION | ! ! S | ! ' ! c
0 5 10
10. PILOTING | ! ! | ! ' ! c
0 5 10

11. PAPERWORK L } ! ! | ! . ) |
0 5 0
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APPENDIX C

EXPERIMENTERS' SCRIPT
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APPENDIX D

WORKLOAD RATING SHEET

FOR USE BY EXPERIMENTERS
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APPENDIX D

EXPERIMENTER'S OBSERVATION

WORKLOAD

SORTIE:

Crew

Crew

Crew

Position

Position

Position
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L
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[P RUE &) R off 2
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|
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)
5

N
5

vl ot

10
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5

5

(Tal

!
5

5
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APPENDIX E

PERFORMANCE ASSESSMENT QUESTIONNAIRE
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APPENDIX E

PERFORMANCE ASSESSMENT

Crew Position:

AREA BEING ASSESSED: (check one block only, use separate sheet
for each block, a total of 8 sheets)

[:] Crew Accommodations

[:]tﬂission Effectiveness

[:] Cargo Delivery

[:] Landing

Check the box which best reflects your opinion.

[:] 1. Not acceptable. Unsafe to use. I won't fly this
cockpit.

[:] 2. Not acceptable. Cannot perform the mission. I won't
fly this cockpit.

[:] 3. Marginal. Performance entails great difficulty or
risk. Probability of successful mission is under
10%. I don't want to fly this cockpit.

[:] 4. Marginal. Performance is very demanding.
Probability of successful mission is under 50%.
I don't like flying this cockpit.

[:]S. Marginal. Performance is demanding. Probability of
successful mission is under 70%. T don't like flying
this cockpit.

201




6. Conditionally acceptable. Requires modification. I
can fly this cockpit.

7. Conditionally acceptable., Requires changes and/or
adjustment. I don't mind flying this cockpit.

Acceptable. Requires minor changes. I like flying
in this cockpit.

§. Acceptable. Requires minor adjustment. I like
flying in this cockpit.

10. Completely acceptable. I like flying in this
cockpit.

Oo0o0o0d

NAME

COMMENTS: (Please expand upon your reasons for the rating which
you gave,)
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APPENDIX F

QUESTIONNAIRE FOR PHYSICAL ASSESSMENT
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APPENDIX F

PHYSICAL ASSESSMENT

AREA BEING ASSESSED: (check one block only, use separate form
for each block which you assess)

D LOGISTICS D TRAINING D FLIGHT CONTROL
::] MAINTENANCE D LIFE SUPPORT D POWER PLANT
D RELIABILITY D LIGHTING D COCKPIT GEOMETRY
D SURVIVABILITY D HUMAN FACTORS D EXIT/ENTRY , ESCAPE i
D AVIONICS INSTRUMENTS AND
CONTROLS

Check the box which best reflects your opinion.

[:] 1. Not acceptable. Unsafe, impractical, failure prone,
enormously expensive.

[:] 2. Not acceptable. Potentially correctable with major
redesign,

[:] 3. Marginal. Discrepancies which can seriously lower the
probability of mission success or survival.

[:] 4. Marginal. Discrepancies which are serious and can
lower the probability of mission success or survival.

[:] 5. Marginal. Discrepancies which have significant impact
and which reduce the probability of mission success,

[:] 6. Conditionally acceptable. Discrepancies which have a
significant impact and which must be corrected. Not
cost effective.

[:] 7. Conditionally acceptable. Discrepancies which have a
small but significant impact and which should be
corrected.

[:J 8. Acceptable. Minor discrepancies which should be
adjusted.
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[:] 9. Acceptable. Very minor discrepancies which do not
have significant impact.

[:] 10. Completely acceptable.

NAME

COMMENTS: (Please expand upon your reasons for the rating you
selected.)
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